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1 
INTRODUCTON 
Flax (Linum usitatissimum L.) is an important 
oilseed crop in the United States~ Limitations on seed 
yield have been a major concern of researchers trying . to 
develop high yielding flax cultivars (17., 20, 39). Dybing 
(16) stated that comparative studies of physiological and 
biochemical factors could provide necessary insight into the 
cause of these limitations. Comstock (11) concluded that 
there was sufficient genetic variability in the Flax World 
Collection to meet any bre-eding objective. Lay et al. (39) 
considered the question of what physiological parameters 
could be measured to identify high yielding .genotypes, and 
when in the life cycle of a plant those parameters cou~d be 
influencing seed yield significantly. Morphological charac-
teristics such as degree of branchiness ·and canopy width 
have been reported to be poorly associated with seed yield 
of flax (17). Inconsistent associations between seed yield 
and foliage distribution or COz exchange rates have also 
been reported by Dybing (17). He further observed that 
foliage weight ratio was positively associated with seed 
yield for late flowering cultivars ·and so was boll number at 
full bloom stage. Lay et al.(38) found no significant 
differences between low and high yield cultivars for foliage 
parameters such as leaf area index (LAI) and specific leaf 
weight . (SLW), and concluded that direct relationships 
between photosynthesis and seed yield were difficult to 
demonstrate. Plant growth analysis approach was adopted 
in the present study with the following objectives: (a) 
describe partitioning ?f plant growth throughout the 
2 
life cycle of 18 flax cultivars differi~g in seed yield, (b) 
provide data on seed yield and its components in flax and 
(c) identify any possible relationships which might exist 
between plant growth ~omponents and . seed yield. 
3 
LITERATURE REVIEW 
Use of plant growth analysis techniques to understand 
the physiological basis of variation in plant performance 
has been reported by numerous workers (8, 12, 23, 36 ,· 3 7, 
45, 57, 61 , ·62, 69, 73, 77) si?ce their . development by 
Briggs et al. (9, 10). Most studies involved plant respon-
ses to some physical inputs such as light (3, 69), tem-
perature (61, 62), nutrients (10, 12, 35, 77) and v1ater 
supply (45, 61, 62). Other studies concentrated on 
explaining differences between species (28, 32, 68, 69) and 
·within species (8, 57, 62, 69). 
Khan and Tsunoda (36) working with wheat, reported ·-
that variation in dry matter accumulation by different 
varieties or species may be related to leaf area, unit leaf 
rate, relative growth rate and other growth parameters. 
A parameter that is considered to be a major determinant of 
seed yield, especially in cereals, is leaf area (33, 57, 69, 
70). Watson (70) stated that the problem of increasing 
agricultural yield is fundamentally a problem of increas~ng 
annual photosynthesis per unit leaf area of a crop. This 
depends on size of photosynthetic system, its efficiency and 
length of period during which the system is 
photosynthesizing. Leaf area can better be understood by 
considering the processes that control leaf production, and 
expansion (69). 
LEAF AREA 
Leaf area here will refer to the upper surface area 
of leaves. . Total leaf area is a product of leaf number, 
size and the net difference between addition of leave~ and 
4 
death of leaves at any given time (3). In wheat, a higher 
number of leaves can result from (a) increase in rate of 
leaf production from meristems, (b)' increased number of 
meristems, (c) increased tillering (6Y). In flax variation 
-
in number of leaves __ per plant was reported to be more impor-
tant than variation in leaf size in determining total le~f 
area (3). 
Leaf area per plant in flax was reduced with an 
increase in plant density from 4.0 dm2 to 2.3 dm2 per plant, 
at full light, 60 days after planting (3). Similar results 
were reported in corn with about 7 a~d 5.9 dm2 per plant, or 
59,300 and 98,000 plants per ha. respectively, at 21 days 
after planting (19). 
Several environmental factors affect leaf area. Size 
of leaves has been reported to be largely determined by the 
nutritional status of the soil in which a plant grows (69). 
In cereals, nitrogen increased total leaf area per plant and 
per unit area by increasing number and size of leaves, 
whereas phosphorus was reported to increase tillering (56, 
69, 53, 35). In barley phosphorus has been f ound to reduce 
leaf area of the main shoot (69). In sugar beet potassium 
5 
had no effect on leaf number but rather on individual leaf 
size (69). In sunflower, increases in soil nitrogen 
increased leaf area per plant throughout the sampling period 
(64). 
Light quantity and quality are also reported to 
influence leaf area (6). In flax, full sunlight led to 
high total leaf area per plant by increasing individual leaf 
size (3). Shading reduced total leaf area by decreasing 
leaf number and si.ze_ per plant at temperatures greater than 
25°C (f). In sunflower, ·reduction of light to 50% of full 
.light had no effect on total leaf area in laboratory tests. 
However, a reduction to 2000 foot-candle hours from 27,000 
foot-candle hours led to 15 to 50% reduction in total leaf 
area (6). Contrasting results have been reported in Solanum 
dulcamara where reduction of light to 76% of full light in 
laboratory tests led to an increase in total leaf area (6). 
Red light increased the rate of leaf appearance in tomato and 
pea compared to blue light (6). A longer photoperiod and 
higher light intensity caused maximum leaf expansion 
in barley, potatoes, wheat and beetroot (69). 
Moisture supply also affects leaf area per plant. In 
wheat, total leaf area was reduced with reduction of moisture 
supply (52). In flax, reduced moisture supply reduced total 
. 
leaf area per plant by reducing leaf number (6). In 
tobacco, reduced moisture supply reduced total leaf area by 
reducing individual leaf size (69). Leaf area per plant 
increased with increase ·in temperature up to 25°C for most 
species of crops (6). 
Total leaf area has been reported as being important 
during flowering and s~ed filling in corn (70). Subsequent 
importance of leaf area will depend on the photosynthetic 
capacity of the leaves in comparison to other plant parts 
capable of photosynthesizing (79). In rice and corn, the 
leaf sheath has been r~ported to be _more important than the 
ear, while in barley and wheat the ear is more important 
(79). During seed filling the c~oser the photosynthesizing 
6 
plant part was to the seed, the more important it was; for 
this reason the flag leaf was important in wheat and barley 
(79). In flax, the sepals and the fruit were reported to be 
more important than leaves during seed filling because they 
remained greener longest (13, 68). 
Leaf area per plant can be measured by several 
methods (25, 30, 48, 55) .but as Evans (18) reported, many of 
these methods are elaborate or specialized for particular 
tasks and plants. 
LEAF AREA RATIO (LAR) 
Leaf area ratio (LAR) is the ratio of tota: leaf area 
to whole plant dry weight (40) expressed as: LAR = LA/W 
where LA is total leaf area and W is whole p l ant dry weight. 
LAR is reported to be important in explaining the overall 
relative growth rate (RGR) (13). LAR is reported to be 
influenced by many physiological processes which control 
leaf expansion but not leaf weight gain (18, 69). 
Many environmental factors affect LAR (18, 71). 
Light quantity and qu~lity affected LAR as they affected 
total leaf area (6). Flax plants grown under 5"0% light 
have been seen to have higher LAR values than those grown 
under full light (3). In sunflower, shading increased LAR 
(6): reduction of 76% in light increased LAR from 82 
7 
cm2 per g to 140 cm2 per g (42). Bazzaz and Harper (3), working 
with flax, reported that .at 50% light, LAR had a maximun, 
. · of about .0.4 dm2 per gat 45 day~ after emergence. In corn, 
LAR increased from 1.1 to 2.8 dm2/g as temperature increased 
from 10°C to 25°C, but in sunflower LAR increased from 1.8 
to 28 dm2/g as temperatures increased to _34°C (42). 
Low plant density was found to have important influen-
ces on LARin flax by increasing leaf area per plant (3). 
Between 33 and 63 days after emergence, plants at high popu-
lation density showed higher LAR values, approximately 0.42 
to approximately 0.43 dm2 per g at 50% sunlight. (3). 
Moisture regime also affects LAR (18, 42). In 
sunflower, corn and soybeans, reduced moisture supply 
decreased LAR via reduction of leaf expansion (42). 
Soil fertility has been reported to affect LAR via 
its effect on total leaf area (42). Changes in LAR with time 
are different between species (32) and within species (36, 
8 
37, 57). In corn and sunflower Evans (18) reported that LAR 
remained relatively constant, around 1 dm2/g, from about 50 
days after germination to the end of the sampling period. 
This is reported to be _ true in flax only at 100% light between 33 
and 63 days after emergence (3). In wheat, LAR has been · 
. reported to be negatively related to unit leaf area (ULR), 
with coefficient of correlation (r) = -0.887, but positively 
related to relative gt:owth rate (RGR), r = 0.584, at full 
light (36, 37). 
Specific Leaf Area (SLA) and Leaf Weight Ratio (LWR) 
· Specific leaf area (SLA) and leaf weight ratio (LWR) 
are components of LAR (18, 29, 51) such that: 
LAR = SLA x LWR 
Specific leaf area (SLA) is a measure .of relative 
leaf thickness (30) and is defined as the mean leaf area 
displayed per unit of leaf weight. Specific leaf weight 
(SLW) is a reciprocal of specific leaf area. Evans (18) 
reported SLA of Impatiens· parviflora as being very sensitive 
to many environmental influences but also havi ng a marked time 
trend. Shading increased SLA by increasing leaf area per 
plant in Seilla nonscripta (69) and in sunflower (6) by 
reducing individual leaf weight. 
Using Briggs et al. 's data (9) in sunflower, Evans 
(17) observed that SLA increased from about 0.9 dm2/g to 2.4 
dm2/g · in the first 10 days after germination and remained 
relatively constant during the samplng period to physiologi-
cal maturity. Aase (1) and Narwal (45) 1n wheat reported 
9 
that SLA increased up to 51 days after germination then 
dropped at the end of the sampling period despite increase 
in total leaf area. In barley, SLA is reported to have 
remained almost constant throughout plant life cycle . (1). 
The constancy of SLA in ·wheat, based on total leaf area, was 
found not to hold true for individual leaves when based on 
individual leaf area ·(l). High plant density has been found 
to increase SLAin corn (78) and kale (71). Tiver (61) 
· reported that seed flax had higher SLA than fibre flax. Lay 
et al. (39) working with flax reported SLA values betwee~ 
2.53 and 3.03 dm2/g. · Narwal (45)- working with wheat reported 
values between 0.341 to 0.448 dm2/g during the period 37-65 
days after sowing. 
Leaf weight ratio (LWR) has been defined as the pro-
. ductive investment of a plant (18, 30). It represents the 
ratio of the weight of plant parts capable of photosynthe-
sizing to total plant weight. ·Distinction between plant 
parts capable of photosynthesizing and those not capable can 
be simple or complex .depending on the crop (18). 
LWR is affected by several environmental factors (30). 
Light quantity is reported to have little influence on LWR 
in sunflower (6). Factors affecting LWR are those that 
affect the distribution of dry matter between leaves and the 
rest of the plant (18). Evans (18) listed environmental 
factor~ that do and do not influence distribution of dry 
matter between leaves and the rest of the plant in Impatiens 
parviflora. Temperature in the range of 10°C to 20°C has 
been reported to have · very little influence on LWR in 
sunflower (6) though at 24°C the LWR is higher than at 
1soc, 0.625 versus 0.595. 
10 
LWR has been reported to differ between species of 
several crops (32) and within species of sunflower (18) and 
cultivars of flax (61). 
Leaf Area Index (LAI) 
The relationship between LAI and plant performance 
has bee~ reported in corn . (8, 16, 24, 31, 44~ 50, 54, 67 
. 79), wheat (35, 49, 56, 69, 79), · sunflower (64) and rice 
(79). 
LAI is defined as average leaf area per unit of land 
(30 1 68) • 
LAI LA = p 
where LA is leaf area and P is land area. LAI at any given 
time is a function of total leaf area. In corn, LAI has 
been seen to respond to changes in total leaves per plant 
and number of nodes per plant (50). Population density has 
been reported to affect LAI in corn (54, 67) wheat (49) and 
rice (79). Vidoviv and Pokorny (67) in corn reported that . 
LAI increased with increasing plant ·density. Higher grain 
yield was obtained at LAI values between 2.03 and 2.68, when 
LAI values over 4.0 enhanced vegetative growth (31) • . 
In corn,· LAI values of 4.5 and 1.4 for 80,000 plants and 
20,000 plants per ha respectively have been reported (12). 
1 1 
In wheat (49) it was reported that at 640 tillers per m2 LAI 
reached 5.0 but at 32 tillers per m2 LAI was approximately 
2.3 
Nutrient supply also affected LAI in corn (67 ,· 54, 
31), wheat (56) and sunflower (64). Vidovic and Pokorny 
(67) in corn reported that LAI increased from about 3.2 to 
3.5 by doubling the soil fertility from 100:60:100 NPK at 
about 60,000 plants p~r ha. LAI in su.nflower increased from 
1.34 to 2.21 during- flowering by doubling nitrogen nutrient 
from 45 kg per ha (64). 
Moisture supply has been reported to affect LAI in 
wheat (56). LAI values were 7.27, 8.05 and 6.63 at flowering 
for high, medium and low soil moisture regimes respec~ively. 
Effects of seasonal changes on LAI in .wheat, barley, 
potato and sugar beet have be·en reported by Watson (68). 
Disease and pest management has been reported to have impor-
tant effects on LAI (18, 24). Increasing LAI raised dry 
matter production but not indefinitely (3). In kale (71) 
increase of LAI increased dry matter production 
almost indefinitely. Optimum LAI (that which will support 
maximum dry matter production) has been reported to be about 
4.0 in corn (50). The actual presence of optimum LAI is a sub-
ject still unclear for general cases (79). 
COz uptake per unit LAI has been reported to decrease 
with increasing LAI in wheat (49). At LAI of 2.0, 
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C02 uptake per unit LAI was 1.42, but it dropped to 0.73 at 
LAI of 6.0. Iwata and Okubo (31) working with corn reported 
a decrease of grain weight per unit LAI with increas~ng LAI. 
In sugar beet (71) an increase in .LAI has been found to lead to 
·decrease in dry matter product·ion. LAI values in flax have 
been reported to be between 0.97 and 2.30 at flowering 
(17). Working with corn, Iwata and Okubo (31) reported LAI 
values be.tween 2. 32 and 6. 85 depending on soil fertility. 
In wheat, LAI values ranged from 2.76 to 9.23 _during 
flowering and grain tilling periods and depended on soil 
fertility (56). In sunflower, LAI was 0.50, 2.21 and 2.78, 
at 20 days after sowing, at flowering and at harvest respectively 
with 90 .kg N/ha (64). LAI values were lowe+ at same stages 
with only phosphorus added, 0.48, 1.57 and 2.12 (64). 
Unit Leaf Rate (ULR) 
ULR estimates carbon-assimilatory capacity .of the 
leaves (30). It was first introduced by Gregory (21) as 
net- assimilation rate then Briggs et al. (1 0) defined it . 
as the rate of increase of dry matter per unit leaf area. 
Evans (18) pointed out that the parameter is not a pure 
measure of photosynthesis. The parameter is meaningless 
unless related to some clearly identifiable component of 
relatively constant performance (30). 
Gregory (21) expressed the parameter as: 
ULR = tl- x ~ 
where LA is total leaf area of plant, W is total weight 
13 
of plants and t is time ·. Williams (75) proposed a con-
venient formula for estimation of mean ULR over a period of 
time as 
2T-1T 2LA-1LA 
Evans (18) and Radford (50) explained the use of the formula. 
Venus and Causton (65,. 66) reported alternative methods of 
calculating the pa.rame·ter. 
· Environmental influ~nce on ULR depends· on the basis 
of expression (77). Williams (~·7) ·pointed out that ULR can 
be calculated on the basis of leaf area, EA; leaf protein 
Ep, on leaf weight Ew. The choice of basis of calculation 
reportedly . depends on what is considered the best increase of 
internal factor for growth (69, 77). 
In barley EA changed independent of time and was more 
associated with changes in light intensity than temperature 
(12). In Phalari's tuberosa Ep was more sensitive to changes 
in temperature than to changes in light intensity (77). Ep 
was found to be more sensitive to soil nitrogen (77). Watson 
(69) reported that in general ULR expressed on basis of leaf 
area or leaf protein was determined by seasonal trends in 
climatic factors but was little affected by age. Ew is 
affected mostly by internal factors whose influence on plant 
performance decline with advancing age (69) .• 
Soil nitrogen increased Ew in Phalaris tuberosa 
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whereas phosphorous had little effect (77). Briggs et al. 
(10) working with corn concluded that ULR on leaf weight 
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basis was more closely related to. temperature changes than 
to change in any other environmental factor. In barley, 
ULR, on leaf area basis, was positively correlated with mean 
day temperature and negatively correlated with mean night 
temperature (23). 
Watson (68) .reported similar results with potatoes and 
wheat. For sunflower, temperature is reported to be the 
main environmental factor affecting ULR; ULR varied widel; 
in full daylight (0.30 and 0.76 g/dm2/week), and shading had 
no effect (69). 
Reduced water supply reduced ULR in sunflower, GOrn 
(54), wheat (45) and flax (61, 62)~ Similar results have 
been reported in soybeans (42). 
Shading reduced ULR in flax (6) but for citrus 
seedlings 30% reduction in light intensity had little 
effect on ULR (69). 
In flax ULR determined on leaf protein basis was more 
sensitive to changes in temperature when soil nitrogen was 
limited (62). Increase in temperature up to 26°C increased 
ULR, whereas phosphorus had little effect. 
Change in ULR with age, in most crops, follows a 
smooth trend with some deviations due to short-term environ-





environment. ULR in oats and sudan grass dropped with age 
independent of temperature (76). In barley (22) and cotton 
(26, 27) ULR showed no particular trends in the early stages of 
growth up to maximum le.af area. Contradictory results were 
reported in wheat . (4), sudan grass (76) and oats (75). 
Effect of age on ULR has received a lot of attention but 
still remains unclear (23, 27, 28, 69). 
Variation o~ ULR between species, within species, 
between years and within years has been reported in several 
crops (10, 12, 18, 27, 28, - 32, 68, 69, 71, 77) • 
. Heath and Gregory (28) reported results of various 
workers on a number of plant species growing in different 
environments and concluded that all plant species had prac-
tically the same ULR. The ULR ranged from 0.12 to 0.72 
g/dm2/week. This view, however, has been challenged (69, 77). 
ULR values reported in flax (6) are in the range of 
0.192 to 0.591 g/dm2/week during the first two weeks to 
0.037 to 0.260 g/dm2/wek during the 14th, 15th and 18th week. 
Tiver (61) reported ULR values (leaf· protein ba sis) ranging from 
2.0 to 7.0 g/g/day during the period 43 days after sowing to 
senescence. ULR values determined on a leaf weight basis, 
ranged from 0.04 to 0.16 g/g/day du~ing the same period. 
~- 2 
In corn and barley, ULR values of 152 and 68 g/m /week 
have been reported (32). In sunflower ULR value of 74.0 
g/m2 /week over entire growing season and 59.3 g/m2/week at 8 
days after emergence have been reported (32). ULR values 
l 
) 
ranging from 1.7 to 2.6 g/g/week during the period 20-35 
days after sowing have been reported in barley (42). 
Relative Growth Rate (RGR) 
16 
Relative growth r?te is a parameter first introduced 
by Blackman (7). It is defined as the increase of plant 
material per unit material present per unit of time (51) 
expressed as: 
1 xdw 
'W en- . 
where W is plant weight and t is time. Briggs et al. (10) 
pointed out that the pa,rame.ter is not a constant, as was 
suggested by Blackman (7). The rate of change has been · 
related to actively growing plant material (69). 
Radford (51) and Evans (18) reported appropriate - ways 
of deriving RGR. Alternative methods to obtain mean rela-
tive growth rate (R) have been suggested (65, 66). 
The parameter represents a measure of the overall 
growth of an organism (18, 30, 51) and can be separated into 
two components (9) as follows: 
RGR = ULR x LAR 
RGR has been reported to depend mainly on internal factors 
of growth in corn (9), barley (23) and sunflower (64). 
Light has been reported to have very little or no effect 
on RGR in sunflower (42) and other crops (69). In sunflower 
80% reduction in light led to a 30% reduction in RGR 
(2.66 to 0.46 g/g/week) compared to 70% reduction in ULR 
(42). The effect of light on RGR in Impatiens parviflora 
was reported to be less than in sunflower (42). 
Nitrogen level has been seen to have more effect 
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on RGR in Phaleri's tuberosa than phosphorus (77). In · corn 
and sunflower a temperature range of 10-24°C increased RGR 
but it was reduced by temperatures over 25°C (42). For barley 
temperature had no effeGt on RGR (23), but for corn, tem-
perature modified th.e change in RGR with . time (14). Tiver 
(61) and Tiver and Williams (62) reported a decline in RGR 
in flax with reduced. moisture st:·.?ply. In wheat, RGR declined 
from 0.172 to 0.02 g/g/week between 44 and 51 days after 
sowing due to reduced water supply (45). Keirn (34) reported 
similar effects in wheat. Similar results have been 
reported in sunflower (42). 
Briggs et al. (9) working with corn reported defi-
nite changes in RGR with time characterized by an initial fall 
and two subsidiary maxima in the descending limb. In cotton, 
a decrease in RGR with time was attributed to increasing 
proportion of non-photosynthesizing material (26). 
RGR has been reported to differ between species, 
within species, and between environments (7, 32, 42, 61, 62). 
Reported values of RGR in flax (61, 62) range from 
approximately 0.002 to 0.05 g/g/day. In corn, barley and 
sunflower, RGR values of 2.31, 0.92 and 1.674 g/g/week, res-
pectively,. have been reported (32). In wheat, the average RGR 
I 
between 33 and 65 days after sowing is reported as 0.114 
g/g/day (44). 
Relationship Between Yield and Leaf Area, 
Unit Leaf Rate and Relative Growth Rate 
18 
Agricultural yield or economical yield as defined by 
Nichiporovich is the product of harvest index and biological 
yield, which is total biomass (79). Fakorede and Mock (19) 
pointed out that grain yield is a function of numerous 
biochemical and physiological processes and in corn depends 
on amount of photosynthate produced and translocated to the 
kernels after anthesis. Watson (70) in comparing five 
varieties of potato and three of sugar beet found no positive 
association between yield and ULR. Similar results were 
reported in barley (59) and corn (19). 
Positive association has been reported between leaf 
area and biological yield in rice (79). Leaf area, leaf 
area duration and leaf area index were found to be associated 
with overall dry matter accumulation and with grain yield in 
corn (19). Hunt (30) pointed out that leaves as producers 
of new materials determined the overall growth rate of a 
crop. In cereals grain yield is determined mainly by leaf 
area (70). In corn, higher LAI accounted for the 
superiority of hybrids over their parents. High grain yield 
was found to be obtained with LAI values between 2.03 and 
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2.68 (66). LAI above 4.·o enhanced vegetative growth and was 
good for silage in corn (31). Seed yield is reported to be 
positively associated with leaf area in wheat (35, 37, 52), 
sunflower (64), and sugarbeet (69, 71). In corn, LAI was 
reported to have a R2 value of 0.61 to 0.74 with grain yield 
( 12). 
Leaf area is reported to be positively and negatively 
associated with RGR and ULR, respectively, in wheat (48). 
Negative associations between leaf area and ULR have been 
reported in flax (9) and sunflo\:cr (64) .. 
Seed yield in general has been associated with 
variations in leaf area than with either ULR or RGR (77) •. 
Seed Yield and its Components 
Seed yield of flax has been reported to depend mainly 
on bolls per unit land area, and seeds per boll (4, 25, 52). 
Number of bolls produced per plant in flax is 
affected mainly by the plant population, r = -0.827, (4). 
Plant population density has been reported to have a low 
correlation (r = 0.147) with seed yield in flax (4). 
Bolls per unit area also has low correlation with 
plant stand (r = 0.185) (4). Flax is capable of compen-
sating in seed yield for the differences in plant stand. 
The compensation came about through changes in number of 
bolls per plant .(2). 
In soybean the number of pods per unit land area and seeds 
per pod are highly correlated to seed yield (r = 0.739 and 
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0.469 respectively) (46). Seed yield of flax has also been found 
to be positively correlated with seeds per boll r = 0.202 
(2), r = 0.476 (39) and r = 0.59 (17). Negative correlation 
between seed yield and seed size has also been reporteq: 
r = -0.306 (2), r = -0.145 (39) and r = -0.11 (17). 
Correlation between bolls per plant and seed yield in flax 
has been reported to be r = 0.148. Boll size had a negative 
correlation with seed yield r = -0.2Z~ (39). Number of seed 
per unit area in flax has been reported to have high 
corerlation with the seed yield r = 0.93 (17). 
Path coefficient· analysis . was used in flax (2) to 
deter~ine relationships among several seed yield components 
to establish the relative importance of each as they affected 
seed yield. Seeds per boll and seed size had strong 
influences, direct and indirect, upon see.d yield. 
Similar path coefficient studies have been conducted 
· with field bean (53), soybeans (46)~. rapeseed (60), and 
crested wheatgrass (14). 
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MATERIALS AND METHODS 
General Information 
Eighteen flax genotypes were used in two expe.rime_nts. 
Fourteen were seed types used in previous studies to repre-
sent high and low yielding lines {17); the other four were 
fiber genotypes.. Some genotypes were ·obtained from the 
World Flax Collection maintained br USDA-SEA while others 
were commercial cultivars. The term cultivar will be used 
to apply to all genotypes. 
Seed was obtained· from a 1977 study. Thousand seed 
weight and percent ger~ination were determined for each seed 
lot (Appendix VI). Plantings were made in four rows which 
were 4.57m long with rows 0.32m apart. Plots were arranged 
in a randomized complete block design with four 
replications. Se~ding was at 3000 viable seeds per plot, 
giving approximately 63 plants per 31 em subplot. Two sites 
were chosen for the experiments: Brookings, South Dakota, 
seeded on May 16, and Watertown, South Dakota, seeded on May 
18, 1979. 
Fertilizer was broadcast at a rate of 23-11-0 (N, 
P20s~ K20) actual kg. per ha. at both locations. Weed 
control involved preemergence application of 1.82 kg. active 
ingredient (a.i.) per ha of Propaclor plus 0.11 kg. per ha of 
a.i. MCPA post emergence followed by one hoeing at Watertown 
43 days after planting (DAP). 
r 
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Growth. analysis data were collected from one of the 
two central rows, picked at random and divided into nine 
0.31m subplots. Seed yield was determined from 2m of the 
other center row. 
EXPERIMENT 1 : Plant Growth Analysis 
Sampling for analysis of plant growth was done at 
nine- or ten-day intervals for reasons as suggested by 
Hughes and Freeman (28) • . All plants collected from a 
subplot were placed in ~plastic bags containing moistened 
paper towels and refrigerateq ur~il needed. All measure~ 
ments were completed within 10 hours after sampling. 
Total number of plants in a sample was determined. 
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Ten repres~ntative plants were selected and average above-
ground height was measured. Leaves were stripped from -all 
plants and 25 selected as representative for area 
measurements. Total area of 25 leaves was determined using 
a LI-COR model LI-3000 Portable Area Meter following instru-
tions given for small plant leaves (37). Leaves were placed 
flat on transparent plastic sheaths and passed t h rough the 
scanner. For accurate area readings sheaths had to be clean. 
Static Stop 'R2' (Western Static Eliminator Co., 217 Western 
Avenue, Chic.ago, IL 60612) was appl.ied on the sheaths to 
reduce static electricity which tended to hold small par-
ticles of dirt and leaf pieces. Care was taken to minimize 
time between sampling and measuring of leaf area. Roots were 
cut off at the soil line after all leaves had been 
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removed from the plants. Leaves, stems, which included panicle 
branches, and roots from each plant and the remanent plants 
from ·a subplot were placed in sep~rate paper bags, oven 
dried for 48 hours at 80°C and cooled in a dessicator prior 
to weighing. 
Samples were taken on six dates starting 28 days 
after planting (DAP). By the third sampling date (47 DAP), 
panicle development had began on some cultivars. From that 
date on, foliage was divided into leaves and bracts. Bracts 
are defined as modified leaves borne on the reproductive · 
raceme. Flowers and bolls were also present during this 
period. A boll is defined as an ovary at anytime after 
anthesis. Bolls were dried, weighed and counted. Sepals 
were not separated from bolls until the fifth sampling, 
(referred to as 68 DAP, but actually extending from 68 to 72 
DAP). Twenty-five leaf, bract and sepal samples were also 
obtained. Fresh weight and area of each sample were deter-
mined prior to drying. Sampling at the final date took two 
days, 77 and 78 DAP, and is referred to as 77 DAP. 
Drying for 58, 68, and 77 DAP was different from pre-
vious sampling dates because of limited drier space. 
Samples were dried at 105-11QOC for 24 hours then stored. 
Prior to weighing, the samples were again placed in the oven 
at 70°C for 48 hours and cooled in a dessicator. 
The first samples from Brookings were on June 11th, 
1979 (24 DAP) when plants were about 10cm. tall. Additional 
sampling was not possible at Brookings because plants 
suffered ~njury from herbicide drift. No additional data 
I 
were collected from Brookings, nor are data from the first 
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sampling included in this report. Sampling at Watertown 
began on June 13, 1979 (28' DAP) when plants were about 10cm 
tall. 
The following quantities were calculated according to 
procedures oi Evans (18)~ Radford (51), Hunt (30) and Venus 
and Causton (66): 
(a) Specific leaf weight. (SLW) , Specific Bract l·leight 
(SBW) and Specific Sepal Weight (SSW): These are defined as 
dry weights of 25 leaves, bracts or sepals divided by their 
respectiv~. tissue areas and expressed as g/ cm2 . 
(b) Leaf weight Ratio (LWR) is defined as the ratio 
of total leaf weight to the total plant weight. LWR is a 
dimensionless index of leafiness on a weight basis. It was 
calculated as 100 x LW/W where LW was the total leaf dry 
weight and W was the total plant dry weight. Weight ratios 
of bract (BWR), sepal (SWR), stern (StWR), root (RWR) and 
boll (BLWR) were calculated in the same manner as was _done 
for leaves. 
(c) Leaf Area Ratio (LAR), the ratio of leaf surface 
area to total plant weight expressed as cm2/g, is an 
index of leafiness on an area basis. It was calculated as 
A/W where A was total leaf area and W is total plant dry 
weight. A included total bract and total sepal areas at 68 
25 
and 77 DAP. 
(d) Leaf Area Index (LAI) is leaf area per unit area 
of land. LAI was calculated as A/LA where A is total leaf 
area and LA is total land area of a subplot (0.3556m x · 
0.3048m). At 68 and 77 DAP A included total bract · area and 
total sepal area. 
(e) Mean Unit Leaf Rate (ULR, denoted here as E) 
based on leaf area only, for the periods 28-38 DAP, 38-47 
DAP, 47~58 DAP, 58-68 _DAP and 68-77 DAP expressed as g 
cm-2 day-1 and Mean Relative Growth Rate (RGR, but denoted here 
as R) for the same peri6ds expressed as g g-1 day -1. ULR 
will refer to net assimilation rate (NAR) as according to 
Evans (18). Four models were examined for the period 68-77 



















Leaf area (LA) 
LA + Bract area (BA) 
LA + Sepal Area (SA) 
= LA + BA + SA 
Mean relative growth rate of the panicle, includ i ng bracts, 
sepals and bolls, was calculated for the period between 58 
to 68 DAP and 68 to 77 DAP. 
(f) Moisture contents (%) of leaves, bracts and sepals 
were determined at 68 DAP. 
(g) Total plant dry weight = sum of all plant 
segments. 
Standard error of the mean difference, denoted by Sd, 
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and coefficient of variation, denoted by C.V. (%), appear in 
all tables except growth rate tables. The probability of F 
for . cultivars also appears in all tables. 
Experiment II: Seed Yield and its Components 
Yield component data were obtained for plots grown at 
Watertown on August 20th, 1980 (96 DAP). The following 
measurements were made on each sample: 
(1) Number of pla~ts. 
(2) Total dry weight. 
(3) Total boll weight . 
. (4) Weight of 100 bolls 
·(5) Seed weight from 100 bolls 
(6) Seed number from 100 bolls 
(7) Seed weight from the remaining bolls. 
From the above measurements the following yield components 
were calculated: 
J (1) Bolls per plant 
= Total boll weight x 100 x --~----1~~~---
100 boll weight 1 number of plants 
~ (2) Seed weight per plant 
_ Total seed weight 
- number of plants 
(3) Seeds per plant 
100 boll seed number x Total number of bolls = 100 number of p lants 
J (4) Seeds per boll 
100 boll seed number = 100 
vts) 1000 seed weight 
100 boll seed weight x 1000 
- lOO boll feed number 1 
(
(6) =Bolls per unit area 
Total number of bolls 
30.48 ern x 3'5.58 em 
(7) Seed weight per unit are 
_ Total seed weight 
- 30.48 ern x 35.58 ern 
J (S) Seed weight per boll 
= Total seed weight 
Total number o.f boll 
(9) Harvest Inde~ 
= Total seed weight Total sample dry weight 
Seed yield expressed as kg/ha was obtained 96 DAP · 
from an area of 0.71 m2 (2.00m x 0.36m). 
Disease Estimate 
An estimate of flax rust was made 86 days after 
planting. Prevalence, which measures degree of disease 
spread and severity, a measure of disease intens ity, were 
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estimated. Ten upper leaves were picked at random from 
plants in each plot. A score was given for each leaf as a 
percent of disease prevalence and severity. For prevalence, 
100% indicated that all leaves had at least 5 rust pustules 
each·and 10% indicated tqat at most two ·of the leaves had 
four or less pustules. For severity, 100% indicated over 50% 
of the leaves surfaces were covered with rust pustules and 
./ 
1 0% indicated· that less · than 5% of the leaf surface had 
pustules. Race of rust is unknown. 
Statistical Analysis 
Analysis of variance within and across dates, step-
wise multiple regression, paired · t-tests and phenotypic 
correlation coefficients of characters studied for seed 
·, 
yield and its components were computed follow.ing Steel and 
Torrie (58). Missirig data were estimated using least 
squares. Degrees of freedom were adjusted for missing 
plots. 
Path coefficient analysis of seed yield components 
were also computed according to Li (43). A stepwise · 
multiple regression analysis was run to determine the ·best 
model for improving R2 for the dependent variable, seed 
yield (58). 
Mean relative growth rate and mean unit leaf rate 
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were analyzeq as a completely randomized design using repli-
cation means following Steel and Torrie (58) • 
For bract area, sepal area, and sepal weight, a 
paired t-test was used to determine whether there were 
significant differences between the two dates of sampling. 
Bract weight data were analyzed on f ·our dates of sampling 
(47, 58, 68 and 77 DAPl. 
Analysis of variance across dates of · sampling was 
done for all dates for the following characters: plant 
number, plant height, specific leaf weight, 25-leaf area, 
25-leaf dry weight, total number of leaves, total leaf 
weight, total leaf area and leaf area index. Total plant 
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dry weight was analyzed ~cross 28 to 58 DAP and across 68 to _ 
77 DAP because data for the latter period -were on two com-
puter cards while the former were on _only one card. Stem, 
root, leaf, foliage weight ratios and leaf area ratio were 
analyzed across periods, . 28 to 47 DAP -and 58 to 77 DAP. 
Bract weight ratio, boll weight ratio, boll number, and boll 
weight were analyzed across ·58 to 77 DAP. Specific brae:: 
and specific sepal weights were analyzed for the period 68 





Precipi~ation and. tem~erature data f~om May 1st to 
I 
August 20th, 1979 for Watertown, South Dakota are presented 
. f 
in Appendix I. Watertown received 260.2 mm . during the 
experimental period which was lower than the average 
for the period 1941-:70. · 1979 was slightly warmer than the 
average for the period 1941-70, 18.4°C compared to 18.0°C. 
~ppendix II is a summary of previously reported (17, 
38) characteristics of the cultivars studied. Cultivars are 
divided into three classes; early flowering seed types, 
late flowering seed types and fiber typeso Culbert, Linnot, 
Summit, Bolley and CI 2538 are considered high yielding 
early seed type cultivars. Grant, CI 2395 and CI 1593 are 
also early flowering but have generally been lower yielding. 
Nored is a high yielding, late flowering seed-type cultivar 
while CI 893 is late flowering and low yielding. Natasja, 
Hera, Reina and Nynke are the fiber types. Fiber types are 
generally late flowering and low yielding when grown in the 
flax producing area of northcentral United States. 
An estimate of rust disease ~s prevalence and 
severity is presented in Appendix III. Foliar disease. most 
prevalent was rust (Melampsora lini). There were significant 
differences between cultivars for disease prevalence and for 
severity (Appendix IV). Prevalence is a measure of disease 
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spread expressed as percent while severity is a measure of 
disease intensity and also expressed as a percent. The 
estimate was made at 86 DAP. Nynke had the highest preva-
lence whereas other fibe+ cultivars showed less or no evi-
dence of disease. Koto had the highest severity and second 
highest prevalence of the seed cultivars whereas Nynke; a 
fiber cultivar, had second highest severity. CI 1587 and 
Summit showed consiqerable disease intensity. The early 
seed cultivars in general had more disease than the late or 
fiber cultivars. 
PLANT GROWTH CHARACTERISTICS 
There were significant differences among cultivars, 
when averaged across dates, for all observed traits except 
root weight ratio at all dates and total plant dry weight at 
68 and 77 DAP. Significant differences were observed among 
dates for all observed traits except bolls per unit, total 
plant number and total plant dry weight at 66 and 77 DAP 
(Table 1-6). Significant cultivar x date interactions 
existed for all plant growth traits measured at all 
sampling dates except total plant weight at 68 and 77 
DAP and total plant number (Table 1). An interac~ion 
was also observed for 5 out of 12 traits sampled during 
the latter part of the growth period from 58 to 77 days 
after planting (Table 2) and 1 out of 5 traits sampled during 
the early period 28-41 DAP. Coefficients of variation ranged 
from a low of 3.2% for 25 sepal dry weight ~ (Table 12) 
l 
Table 1. Results from analysis of variance for plant growth components of 18 flax cultivars sampled 
at 28, 38, 47, 58, 68 and 77 days after planting at Watertown, South Dakota in 1979. 
Cultivars Replications CxR Date c X D RxD 
(C) (R) (D) 
Plant height ** ** ** ** 
Twenty-five leat area ** ** ** 
Twenty-five leaf dry weight ** ** ** * 
Total number of leaves ** * ** ** 
-Total leaf area ** * ** ** 
Specific leaf weight -- --- ** -.,..,....~- ** ----** ** ** 
Leaf area index ** ** ** ** 
Total plant dry weight!) ** ** - ** 
Total plant dry weight2) 
( *; Total plant number * 
l)for 28, 38, 47 and 58 DAP 
2)for 68 and 77 DAP 




Table 2. Results analysis of variance for plant growth components of 18 flax cultivars sampled at 28, 
38 and 47 days after planting at Watertown, South Dakota in 1979. 
Cultivars Replications c X R Dates c X D RxD 
(C) (R) (D) 
Foliage weight ratio ** ** 
Leaf weight ratio ** ** 
Stem weight ratio ** ** * 
Root weight ratio ** 
Leaf area ratio ** ** 
*, ** indicates significance at 5% and 1% level of probability respectively. 
w 
w 
Table 3. Results from analysis of variance for plant growth components of 18 flax cultivars sampled 
at 58, 68 and 77 days after planting at Watertown, South Dakota in 1979. 
Cultivars Replications . c X R Dates 
(C) (R) (D) 
Foliage weight ratio ** * ** 
Leaf weight ratio ** * ** ** 
Bract weight ratio ** ** 
Stem weight ratio ** ** 
. Leaf area ratio ** * ** 
Root weight ratio . ** 
Bract dry weight 1) ** ** ** 
Boll weight ratio ** / ** 
Bolls per unit area @) * 
Dry weight of bolls ** ** 
Specific bract weight2) ** ** 
Specific sepal weight2) ** * ** 
!)sampled at 47, 58, 68 and 77 DAP 
2)sampled at 68 and 77 DAP 
* , **indicates significance at 5% and 1% levels of probability respectively. 
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Table 4. Mean squares for plant growth components for 18 flax cultivars ·sampled at 
Watertown, South Dakota in 1979 •· 
·source of Degrees of · Pl~nt Area of 25 Dry ,weight of Total number Total leaf 
variation freedom height leaves 25 leaves of leaves area 
Cultivars (C) 17 471.56 197.37 0.0017 602783 297123 
Replications (R) 3 16.53 38.42 0.0002 183356 123001 
C X R 51 10.44 15.46 0.0002 45105 300767 
Date·s (D) 5 33086.40 5391.93 0.1399 6704221 650592 . 
C X D 85 75.73 21.60 0.0003 113576 . 79268 
RxD 15 . 10.87 12.85 0.0003 61869 33092 
c.v. (%) . 6 15 14 32 30 
[ r 
35 
28, 38, 47, . 58, 68 and 77 days after planting at 
Specific leaf Leaf area Total Total 
weight index leaf wei~ht plant number 
~1x1o-a 2529 . 5.0583 1114 
~1Xl0-8 1047 2.0543 169 ~ 1x1o-s 256 0.3756 221 <1X1o-8 .55380 100.3510 723 ~1x1o-8 675 1.3339 270 ~1x1o-8 282 . 0.3920 141 13 30 28.4 27.4 ... 
l 
I 
Table 5. Mean squares for plant growth components of 18 flax cultivars sampled .at 28, 38 and 47 days after 
planting at Watertown, South Dakota in 1979. 
Source of Degree of Foliage Leaf weight Stem weight 
variation freedom weight ratio ratio ratio 
Cultivars (C) 17 0.00897 0.00928 0.00826 
Replications (R) 3 0.00041 0.00664 0.00489 
c X R 51 0.00291 0.00278 0.00228 
Dates (D) 2 0.75283 1.24202 1.35569 
c X D 34 0.00484 0.00450 ·o.oo427 
R x D 6 0.00142 0.00179 0.00195 
Error 102 0.00328 0.00329 0.00228 
c.v. (%) 12 12 13 
»sampled at dates 47, 58, 68 and 77 DAP. 
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Table 6. Mean squares for plant growth components of 18 flax cultivars sampled 58, 68 and 77 
Source of Degree of Foliage Leaf weight Bract weight Stem weight Leaf area Root weigt 
variation freedom wt ratio ratio ratio ratio ratio ratio 
Cultivars (C) 17 0.00.59 0.0035 0.0040 0.0468 203.84 0.0005 
Replications (R) 3 0.0017 0.0012 0.0001 0.0002 72.05 0.0001 
C X R 51 0.0004 0.0004 0.0001 0.0005 23.26 0.0003 \ 
Dates {D) 2 0.3795 0.2778 0.0083 0.1000 24855.98 0.0089 
c X D 34 0.0010 0.0008 0.0002 0.0006 66.95 0.0003 
R X D 6 0.0005 0.0007 0.0001 0.0007 58.06 0.0001 
Error 102 0.0003 0.0002 0.0001 0.0005. 16.90 0.0003 
c.v. (%) 13 18 20 5 20 22. 
Ysampled at 68 and 77 DAP only. 
37 
af t er planting at Watertown, South Dakota in 1979. 
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to a high of 42.1% for total bract dry weight (Appendix 
V). 
Plant-number data for 18 flax cultivars at 6 dates 
of sampling are presented in Table 7. There were significant 
differences . (o(.. = 0. OS) among cultivars in a date except at 
77 DAP. Cultivars also differed significantly when averaged 
across dates (Table 1). No significant cultivar x date 
interactions were observed, but there was significant repli-
cation x date interaction. Natasja, Hera, Koto, CI 1666 
and Linott had the highest · overa~l plant density with CI 
1587 having the least. Appendix VI shows laboratory seed 
germination percentage and 1000 seed weight for the culti-
vars tested. An overall plant density in the field of 43.2 
plants per subplot gives a field emergence of 69% which is 
considerably lower than the laboratory germination tests. 
Total plant dry weights are presented in Table 8. 
There were significant differences among cultivars when 
averaged across dates for the period from 28 to 58 DAP 
(Table ·1), but no significant differences among cultivars 
within a date for all sampling dates except 58 DAP (Table 8). 
A significant cultivar x date interaction was observed for 
the period 28 to 58 DAP. No signifi.cant differences 
were obs~rved among cultivars averaged over sampling . 
dates 68 and 77 DAP, nor was there a significant cultivar x 
date interaction (Table 1) • 
.) 
Table 7. Plant number per 0.1084 m2 from 18 flax cultivars at 6 dates of sampling and grown at 
Watertown, South Dakota in 1979. 
Days after Number of 21ants 2er 0.1084~~ Cultivar 
planting 28 39 47 58 68 77 mean 
CI 2538 47 45 36 44 35 47 42 w 
Linott 53 58 ?-6 2_4 ..53 . 46 529 , 
Culbert 51 47 37 39 46 50 45 
Summit 46 39 36 51 48 39 43 D(D 
Koto 66 38 47 59 59 50 53 
Bolley 45 46 36 44 30, 37 40 {J) 
CI 2395 43 40 39 46 53 41 44 "V 3 
CI 1593 43 47 31 39 41 47 41 
I' 43 ~ G) Grant 56 47 40 44 33 ' 40 
CI 1666 56 50 60 54 50 45 53 
CI 1587 38 33 31 22 35 29 31 
Nored 47 52 36 51 42 52 47 
CI 893 39 41 28 44 34 40 38 
CI 1879 50 39 34 44 39 .40 41 
Natasja 56 .63 44 54 47 53 53 
Hera 63 59 46 48 41 58 53 
Reina 36 32 29 33 37 39 34 
Nynke 29 29 35 41 29 34 33 
Date mean 47.8 43.4 38.3 45.0 41.0 43.5 43.2 
sdl) 1. 8 1.9 2.1 2.0 2.0 2.0 2.0 
c.v. (%) 23.4 25.7 33.1 26.5 29.4 34.2 27.4 
Probability of F 
for cultivars2) .(0.01 < 0.01 -< o. 01 . ·. 0.02 0.03 0.49 : """ 0.01 
l.t,) 
Planting date was May 18, 1979; !)standard error of the mean difference; 2)Probability of \0 
observing an F value different from the one calculated. 
- --~·J 
There was a general increase in total plant weight 
for all cultivars from 28 to 77 days after planting. The 
largest increase occurred between 38 and 47 DAP when the 
cultivar mean went from '3 .• 6 g to 11.1 g or about a 300% 
increase. The slowest increase ·between 6.8 and 77 DAP 
averaged about 2.6g ( 6%). Maximum plant weight was at 
40 
77 DAP. From 28 to 58 DAP, total dry weight at least doubled 
between each sampling interval. Between 58 and 68 DAP there 
was about 50% increase in total plant dry weight from an 
average of about 24.5 to about 37.8 g. 
· Fibers produced more total plant dry matter acr6ss 
dates, averaging about 27.0 g, than did the seed type culti-
vars which averaged about 25.0 g. However, there we~e no 
significant differences among cultivars in their final total 
dry weight at 77 DAP. 
Significant cultivar x date of sampling interaction 
was observed. For example, Linott increased its dry weight 
by about 0.9 g between 28 and 38 DAP while the other culti-
vars increased by about 2.0 g. Between 47 and 58 DAP Linott 
increased its dry weight by 15.7 grams compared to CI 1587 
which increased only 5.0 g. Hera, a fiber flax, had 
.the highest total plant weight at 28. DAP, whereas Nynke, 
also a fiber type, had the least. Between 28 and 38 
DAP cultivars increased their total plant weight by 140% on 
the average.. However, Linott and Koto increased in total 
dry weight about SO%. Between 38 and 47 DAP Nynke had the 
l 
Table 8. Total plant dry weight of 18 flax cultivars sampled .at 6 dates, and grown at Watertown, 
South Dakota in 1979. 
Days after Cultivar 
Elaritins 28 39 47 58 68 77 mean1) 
CI 2538 1.4903 3.8072 10.3100 23.7164 35.8343 44.6076 25.0280 
Linott 1.7886 2.7444 11.8887 27.5109 42.6543 37".7003 25.5803 
Culbert 1.5018 4.0219 10.1038 17.5286 36.6915 36.5085 22.4450 
Summit 1.3574 3.6022 11.7657 26.0738 41.4290 - 39.2443 25.5207 
Koto 1.8619 2.8129 11.6885 28.6302 43.3179 · 42.2958 27.0276 
Bolley 1.4813 4.2256 9.6990 27.0514 31.6704 33.1422 21.5103 
CI 2395 1.6258 3.2062 11.5573 26.8601 42.1810 43.9971 26.9508 
CI 1593 1.3771 4.3422 8.4221 19.5859 39.4134 42.4105 24.8961 
Grant 1.6108 . 3.8525 . 11.6724 24.2159 32.1337 \ 36.8594 22.8203 -v 
CI 1666 1.6604 3.5715 13.4816 23.9306 31.7078 33.2979 21.7857 
CI 1587 1.2566 2.6580 9.6684 14.5164 36.6657 34.7448 21.3647 
Nored 1.7028 4.5934 9.9955 25.4826 40.5317 44.4152 26.4585 
CI 893 1.3436 3.2164 9.0429 25.0838 35.6260 37.3733 23.0804 
CI 1879 1.7214 3.5310 10.4827 27.0251 38.1954 43.9544 25.8825 
Natasja 1.6947 4.4163 13.6039 27.9798 45.0468 46.7427 28.9093 
Hera 2.0561 5.0165 15.8249 27.5879 36.6237 45.1200 · 26.7466 
Reina 1.2498 3.2660 11.0533 20.0271 40.4194 41.0350 24.8132 
Nynke 0.8629 2.4972 10.2436 27.6050 30.7017 42.7996 23.5264 
Date mean 1.5357 3.6322 11.1391 24.4684 37.8247 40.4221 24.6427 
SJ 0.0771 0.1915 0.5041 0.9181 1.1797 1.700 
c.v. (%) 30.1 31.6 27.2 22.5 17.8 25.2 
Probability of F 
for cultivars 0.18 0.11 0.16 0.02 0.07 0.81 
.p. 
~ 
!)Averages of periods 28-58 DAP and 58-77 DAP 
j 
Fig~re 1. Changes in plant dry weight of early flowering, late flowering and fiber flax. 
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largest increase in dry weight. Linott, CI 1587, CI 1666 
and Koto had the highest total plant weight increase among 
seed types. Between 47 and 58 ' DAP most cultivars doubled 
their total plant weight .except Culbert, CI 1666 and CI 
1597. Among the fiber cultivars Nynke ha·d the largest 
increase in dry weight. Bolley had the highest increase 
along with late seed cultivars. At 58 DAP, Koto had the 
highest total plant· weight among cultivars. Between 58 and 
68 DAP, CI 1593, CI '1587, Reina and Culbert doubled their 
total dry weights. The lowest increase was Nynke from a~)out 
27.6 to about 30.7g. 
The least rate of increase of dry matter occurred 
during the period 68-77 DAP. For Linott, Summit, Ko~o, · 
Culbert and CI 1587, there was a decrease in total plant 
weight. CI 2538 had the highest dry weight at 77 DAP among 
seed types but Natasja was heaviest of all cultivars. 
Fibers in general had heavier total plant weight, and Nynke 
had the highest rate of dry matter increase between 68 and 
77 DAP. Figure 1 shows dry matter accumulation for three 
classes of cultivars tested. 
Average plant heights of cultivars studied are pre-
sented in Table 9. Cultivars within dates were signifi-
cantly different for all dates of sampling. Significant 
differences were observed between cultivars when averaged 
across dates (Table 1). A significant date x cultivar 
interaction was also observed (Table 1). 
l 
Table 9. Plant height from 18 flax cultivars sampled at 6 dates grown at Watertown, South Dakota 
in 1979. 
Days after Plant heisht (em) Cultivar 
planting 28 39 47 58 68 77 mean 
CI 2538 10 19 45 54 57 54 40 
Linott . 9 16 45 54 55 55 39 
Culbert 11 22 44 48 52 49 38 
Summit 9 19 44 54 55 54 39 '-
Koto 10 17 44 56 55 57 40 
Bolley 10 22 44 50 58 53 39 
CI 2395 10 12 42 55 56 54 40 .... 
CI 1593 9 21 43 51 56 : 54 39 
Grant 10 20 45 56 57 57 41 
CI 1666 9 20 42 45 48 45 35 
CI 1587 10 21 42 50 53 52 38 
Nored 9 19 42 56 57 58 40 
CI 893 9 18 38 55 56 55 38 
CI 1879 11 20 41 58 58 ·58 41 
~  
Natasja 9 17 43 65 70 68 45 
Hera 11 22 54 68 70 69 49 
Reina 11 22 54 71 70 71 50 
Nynke 9 18 48 . 77 76 78 51 
Date mean 9.6 19.5 · 44.4 57.6 59.7 57.8 41.1 
sJ 0.2 0.4 0.5 0.5 0.4 0.3 0.4 
c.v. (%) 1.2 12.9 7.6 6.3 4.4 3.5 6.2 
Probability of F 
for cultivars (0.01 < 0.01 < 0.01 ~ 0.01 ~ 0.01 <_0.01 ~0.01 
~ 
~ 
__ ,..---..-. ___ -...J 
Figure 2. Changes in plant height of early flowering, · late f1oweri~g and .fiber f1ax 
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Plant height increased from 28 to 58 days after 
planting and then remained almost constant to maturity. 
Fiber types were 31% taller than the seed types on the 
average. Nynke was the ·tallest cultivar averaging 51 em 
across all dates while CI 1666 was · the shortest with an 
average of 35 em. CI 1879 and Grant · were the tallest seed 
type cultivars. The greatest change in average plant height 
of all cultivars occurred during the period from 38 to 47 
DAP with an average increase of 25 em. The fiber types 
increasrd an average of 30 em in height in this period, 
whereas the seed type cultivars increased an average of 24 
em. During the sampling period from 47 to 58 DAP in which 
the average increase was 13 em, fiber types increased 21 em 
and the seed types increased 12 em. 
At 28 and 38 DAP, the seed types and fiber type culti-
vars differed very little in plant height. By 47 DAP the 
fiber types were 7 em taller than the seed types and by 58 
DAP this difference had increased to 17 em. Both the seed 
and fiber types had reached their maximum height by 58 DAP 
and remained fairly constant with any differences up to har-
vest likely due to sampling error. 
A significant cultivar x dat~ of sampling interaction 
was observed. Culbert increased 11 em in plant height from 
28 to 38 DAP compared to CI 2395 which increased 2 em. By 
contrast CI 2395 grew 34 em in plant height from 47 to 58 
DAP while Culbert increased 4 em during the same period. 
47 
Figure 2 shows plant height increases in the three types of 
flax cultivars tested. 
Table 10 shows data for 25-leaf area. Cultivars 
within dates differed significantly at all dates of 
sampling. There were also significant differences among 
cultivars averaged across dates and .among dates of 
sampling (Table 1). The smallest leaves were observed at 28 
DAP and the largest at ·sa DAP. When · averaged across dates 
of sampling Culbert had the smallest 25-leaf area of 14.98 
cm2 whi~e CI 2395 was largest at 23.74 cm2. Twenty-five · 
leaf area of four fiber cultivars averaged 16.51 cm2 whereas 
seed type cultivars were 28% larger with an average of 21.12 
cm2. 
Fiber type cultivars, with the exception of ~eina, 
increased the size of their leaves more slowly than the seed 
types. Between 58 and 77 DAP, there was a slight decrea~e in 
~' leaf size observed. The increase between 28 and 38 DAP was 
about the same as between 47 and 58 DAP. A significant 
cultivar x date of sampling interaction was observed (Table 
1). For instance, Nored, CI 1879, CI 1587 had their largest 
average increase in leaf size from 28 to 38 DAP, while a 
reduction in 25 leaf area was observed for CI 1666 during 
this same period. During the period from 38 to 47 DAP, 
increase in leaf size for Culbert was about SO% of that 
observed for the other cultivars. 
Areas for 25 bracts and 25 sepals at 68 and 77 DAP are 
l 
Table 10. Area of 25 leaves from 18 flax cultivars sampled at 6 dates grown at .Watertown, South 
Dakota in 1979. 
Days .after cm2 Cultivar 
planting 28 38 47 58 68 77 mean 
CI 2538 8.29 10.02 29.49 30.17 25.59 25.68 21.54 
Linott 7.72 ' 10.37 27.53 26.68 28.16 23.16 20.60 ' 
Culbert 7.68 8.86 16.40 22.13 15.71 19.14 14.98 
~ummit 8.06 10.29 26.39 29.65 25.07 18.73 19.94 "" 
Koto 6.99 9.40 27.38 29.43 25.27 25.82 20.72 
Bolley 8.41 10.98 24.84 29.29 25.06 26.57 20.86 
CI 2395 9.38 12.53 27.65 33.53 30.65 28.75 23.74 ._,. 
CI 1593 7.77 11.09 28.41 30.08 33.67 29.09 23.35 
Grant 8.57 9.59 27.27 30.80 31.92 25.76 22.32 ._/ 
CI 1666 8.62 8.17 21.11 22.58 25.44 21.93 17.97 
CI 1587 8.43 12.07 30.15 32.41 27.70 22.91 22.28 
Nored 8.79 12.46 27.32 30.64 30.28 28.41 22.98 
CI 893 7.82 9.26 30.97 30.98 24.32 27.13 21.75 
CI 1879 7.73 12.53 27.65 33.53 30.65 28.75 23.74 
Natasja 7.28 7.88 18.12 20.89 19.94 19.13 15.54 
f Hera 7.66 8.56 19.21 20.81 19.26 19.04 15.76 
Reina 7.27 10.28 21.60 24.30 20.71 20.16 17.39 
Nynke 7.50 9.31 22.01 23.78 20.21 21.17 17.33 
Date mean 8.00 10.13 25.24 27.76 25.34 24.08 20.09 
Sci 0.13 0.23 0.57 0.48 0.87 0.64 0.52 
c.v. (%) 10.2 13.6 13.6 9.9 20.5 15.8 15.5 
Probability of 




presented in Table 11. No significant differences were 
observed between the 68 and 77 DAP data for 25-bract area. 
49 
CI 1593 and CI 1879 had the large~t 25 bract area while 
Hera, a fiber type, had . the smallest (see data of 68 DAP). 
Culbert and Koto had the smallest bracts among seed types. 
Twenty-five bract area of the fiber ·types averaged 13.93 
cm2 while the seed types were 61% larger with an average of 
22.39 cm2. Area of 25 bracts was 16% less than the area 
of 25 leaves at 68 DAP and 17% less at 77 DAP. Cultivars 
with smaller than average leaves tended to have smaller 
bracts even though relative rankihg may have changed 
slightly. 
There were significant differences between dates of 
sampling for 25 sepal area. Fibers generally showed a 
decrease between 68 and 77 DAP while most early flowering 
seed cultivars showed an increase. Summit showed the 
biggest drop between 68 and 77 DAP with Linott, Nored and 
Grant also having a relatively high drop. Culbert showed no 
change. C~ 2395 and Nored had the largest 25-sepal area 
overall, whereas Natasja, a fiber type, had the smallest 
sepals among all cultivars. Fiber types had an average area 
of 3.63 cm2, whereas s~ed types had the larger sepals averaging 
4. 00 cm2·. At 68 DAP and 77 DAP, 25 sepal area WflS 84% 
smaller than the area of 25 leaves. Cultivars having larger 
leaves tended to produce large sepals. 
Dry weights of 25 leaves at 6 dates of sampling are 
Table 11. Area of 25 bracts and 25 ·sepals from 18 flax cultivars sampled at 68 and 77 DAP, grown 
at Watertown, South Dakota in 1979. 
Bracts Sepals 
Days after cm2 
planting sal) 68 77 68 77 Cultivar mean 
CI 2538 23.37 21.66 23.08 3.57 3.67 3.62 
Linott 20.25 20.49 20.01 4.15 3.51 3.83 
Culbert 18.92 18.05 19.78 3.48 3.48 3.48 
Summit 22.54 28.55 16.53 4.62 3.70 4.16 
Koto 18.78 18.40 19.13 3.45 3.49 3.47 
Bolley 20.21 21.35 19.19 4.21 ' )> 4.34 4.27 
CI 2395 23.33 23.73 22.93 5.23 ~ J . 4. 80 5.02 
CI 1593 27.55 32.29 22.BP 4.22 c 4.29 . 4.25 . 
Grant 24.08 24.33 23.83 4·.16 3.63 3.89 
CI 1666 23.97 24.72 23.21 4.13 3.77 4.00 
CI 1587 20.30 21.83 18.78 4.23 3.96 4.09 
Nored 23.18 24.53 21.84 4.80 4.27 4.54 
CI 893 22.18 22.79 21.56 3.43 3.40 3.42 
CI 1879 25.79 26. 66. 22.84 3.89 3.97 3.93 
Natasja 13.17 12.80 13.55 3.49 3.11 3.30 
Hera 12.67 11.30 14.04 4.17 3.64 3.90 
Reina 16.02 15.63 16.41 3.94 3.78 3.86 
Nynke 13.89 . 13.34 14.36 3.50 3.40 3.45 
Dat'e mean 20.62 21.36 19.88 4.04 3.79 3.92 
SJ 0.74 0.63 0.07 0.06 
c.v. (%) 21.0 19.1 10.0 9.0 
Probability of F 









presented in Table 12. Cultivars differed significantly at 
all sampling dates except 47 DAP. Dates and cultivars 
averaged across dates were also s~gnificantly different 
(Table 1). Significant . cultivar x date and date x replica-
tion interactions were observed ·. CI 1593 had the 
highest 25-leaf dry weight when averaged across dates while 
Natasja had the lightest. The seed type cultivars averaged 
93.27 mg while fiber types were less at 78.61 mg. The 
highest average dry weight of 25 leaves occurred at 77 DAP. 
At this date CI 1879 and CI 1593 had the highest dry wei~ht 
while Culbert had the lowest. 
Dry weights increased across all dates of sampling 
except from. 27 to 58 DAP during which there was a decrease. 
The increase in dry weight of 25 leaves for all cultivars 
averaged 31.06 mg between 28 DAP and 38 DAP. Nored, CI 1587 
and CI 1593 had slightly higher increases. Natasja and 
Hera, both fiber types, together with CI 1666, had the least 
change in dry weight in that period. Dry weights increased 
across all dates of sampling except from 47 to 58 DAP during 
which there was a decrease • . Nored showed the smallest 
increase of 32.01 mg during the 38-47 DAP period compared to 
an average increase of 60.23 mg for all cultivars. Twenty-
five leaves of Nored and CI 2538 increased in dry weight of 
25 leaves during the period 47-58 DAP in spite of a general 
decline in weight in the period. The percentage change in 
dry weight of 25 leaves, during the period 68-77 DAP was the 
l 
Table 12. Dry weights of 25 leaves from 18 flax cultivars sampled at 6 dates, grown at Watertown, 
South Dakota in 1979. 
Days after m Cultivar 
Elan tins 28 38 47 58 68 77 mean 
CI 2538 19.53 51.49 97.33 106.03 147.49 123.27 . 95.02 
Linott 19.18 50.73 120.46 99.78 137.46 126.89 92.41 
Culbert 20.20 49.79 122.03 91.97 92.23 107.85 80.68 
Summit 21.30 52.05 119.22 107.91 113.79 119.77 89.58 
Koto 16.47 47.97 110.58 101.82 112.64 124.66 85.70 
Bolley 21.67 54.09 113.22 110.95 . 129. 5'2 136.94 94.40 
CI 2395 . 23.53 57.27 115.87 . 111.82 128.01 f 138.01 95.76 
CI 1593 20.84 56.13 129.03 113.11 153.31 150.81 103.87 
Grant 20.76 48.97 . 115.60 111.56 130.99 131.09 93.16 
CI 1666 20.50 46.84 99.06 91.65 182.56 130.54 85.19 
CI 1587 20.85 55.35 123.68 118.69 140.08 126.64 97.55 
Nored 22.43 57.40 89.50 107.78 . 145.49 140.54 98.02 
Cl 893 20.40 50.03 140.94 108.45 118.19 137.35 95.89 
CI 1879 20.28 51.95 . 121.76 116.74 130.69 150.14 98.60 
Natasja 19.18 45.23 91.52 84.32 102.90 112.27 75.91 
Hera 18.80 44.30 92.95 86.34 98.91 114.63 75.99 
Reina 17.48 50.42 102.i8 96.28 101.32 119.30 81.33 
Nynke 18.49 50.06 100.16 93.30 104.61 120.66 81.21 
Date mean 20.11 51.17 111.40 103.25 122.80 128.60 98.01 
sd 0.32 0.53 4.00 1.60 3.10 2.62 0.07 
c.v. (%) 9.6 6.3 21.5 9.3 15.2 12.2 13.8 
Probability of F 






lowest of all periods, though CI 1666 show a relatively high 
percentage drop. Twenty-five leaves of Nored, CI 2538, CI 
1587, Linott and CI 1593 also showed a decrease in dr~ 
weight of 25 leaves. 
Changes in dry weight of· 25 leaves for the three 
types of flax cultivars are shown iri Figure 3. At 28 DAP 
and 38 DAP the types all exhibited similar weights, but by 47 
DAP the distinction ~etween them became apparent. The seed 
types showed similar weight.s while fiber types had lower 25-
leaf dr,; weights. The·se relationships continued to the end 
of the·experimental period. Late cultivars, however, showed a 
decrease during the period 68-77 DAP. 
Dry weights of 25-bracts and 25-sepals sampled at 68 
and 77 DAP are presented in Table 13. Statistically signi-
ficant differences were observed among cultivars and dates 
of sampling for 25-bract dry weight. Late cultivars showed 
higher dry weight across dates whereas fiber-cultivar had 
the least. There was an overall· increase in 25-bract dry 
weight averaging 4.5 mg from 68 to 77 DAP. All cultivars 
- increased in bract dry weight from 68 to 77 DAP except 
Koto, Bolley, CI 1593, CI 1587, Nored and CI 1879. The 
. biggest increase was that of Linott with 25.8 mg, whereas 
CI 1666 had the smallest increase of 4.0 mg. CI 1593 had 
the biggest drop in 25-bract dry weight of 25.5 mg while CI 
893 had the smallest decline of 2.2 mg. On the average 
fiber types had a larger increase averag~ng 18~2 mg compared 
to 0.6 mg for seed types. At 68 DAP the fiber types had 
Table 13. Dry weights of 25 sepals and 25 bracts from 18 flax cultivars sampled at 2 dates, grown at 
Watertown, South Dakota in 1979. 
Sepals Bracts 
Days· after mg 
Elanting 68 77 Cultivar mean 68 77 Cultivar mean 
CI 2538 61.0 68.6 64.8 119.3 . 134.7 127.0 
Linott 62.9 72.9 67.9 114.6 140.4 120.4 
Culbert 60.3 67.7 64.0 107.9 119.8 113.8 
Summit 62.3 69.1 65.7 135. 7. 112.5 124.1 
. Bolley 67.4 70.2 69.0 126.4 120.9 123.7 
CI 2395 69.0 76.7 72.9 120.0 144.2 132.1 
CI 1593 62.9 72.9 67.9 165.9" 140.4 132.1 
Grant 60.5 68.8 64.7 119.3 134.6 127.0 
CI 1666 61.6 70.1 65.9 131.1 135.1 133.1 
CI 1587 64.0 60.7 67.3 133.6 124.4 129.0 
Nored 66.0 74.0 70.0 146.4 134.6 140.5 
CI 893 59.8 65.7 62.7 129.4 127.2 128.3 
CI 1879 . 61.2 70.1 65.7 147.6 130.8 139.1 
Natasja 67.4 70.2 63.5 94.1 104.2 100.1 
Hera 60.9 70.3 · 65.6 80.8 106.1. 93.4 
Reina 60.7 71.1 65.9 95.6 116.9 108.2 
Nynke 51.0 68.6 64.·8 91.1 107.2 99.1 
· Date mean 62.1 69.8 65.9 120.2 124.7 122.5 
sd 2.7 2.4 2.7 2.4 2.7 
c.v. (%) 4.9 3.2 13.8 11.6 
Probability of F 





Figure 3. Changes in dry weight of 25 leaves of early flowering, late flowering and ·fiber 
flax cultivars grown at Water.town, South Dakota in 1979. 
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25-bract dry ~eight averaging 90.4 mg compared to to 128.7 
mg for the seed types. This was true at 77 DAP except the 
difference was reduced from 38.3 mg to 19.8 mg. 
56 
'-At 68 DAP 25-bract dry weight was 11% lower than 25-
leaf weight -for fibers and less than 1% lower for seed 
. 
types. At 77 DAP 25-bract dry weight was 6% lighter than 25-
leaf dry weight for fibers and 3% lighter for seed types. 
Again cultivars that produced heavier leaves tended to pro-
duce heavier bracts. 
Significant differences \.: ~re observed among cultivars 
in a date and between dates of sampling for 25-sepal dry 
weight. There was an overall increase in sepal dry weight 
of 7.7 mg from 68 to 77 DAP. Reina and Nynke, had the 
biggest increase averaging 14.0 mg whereas Natasja, also a 
fiber type, and Bolley, an early flowering seed type culti-
var, had the lowest. CI 1587 was the only cultivar that had 
a drop in dry weight of 25 sepals in the period. On the 
average fiber cultivars had the biggest increase in dry 
weight of 25 sepals averaging 10.0 mg compared to 7.2 mg for 
seed cultivars. CI 2395 had the heaviest sepals at 68 DAP, 
. whereas Nynke had the lowest. At 77 DAP, sepals from CI 
2395 again were heaviest, but it was CI 1587 with the 
lightest sepals. Fiber types had lighter sepal averaging 
64.95 mg compared to 66.24 mg for seed types. 
The distribution of total dry weight into different plant 
segments and expressed as a percent is <given in Table 14. 
Table 14. Dry weight distribution of 18 flax cultivars sampled at 6 dates grown at Watertown, South 
Dakota in 1979. 
Days after 
planting 28 38 47 
..... -- .- · Roots Stems Foliage Boll Root·s Stems Foliage Boll Roots Stems Foliage Boll 
% % % - % % % % % % - % % % 
CI 2538 15 25 60 -- 15 32 52 -- 10 51 38 
Linott 16 23 62 -- 18 28 54 - 11 50 39 
Culbert 18 26 56 -- 17 36 47 -- 9 60 31 *1) 
Summit· 16 23 60 -- 20 29 51 -- 10 54 36 * 
Koto 15 27 58 -- 16 37 47 -- 9 51 40 * Bolley 17 25 58 -- 19 34 47 -- : 11 57 . 33 * Cl 2395 16 25 . 59 -- 18 33 49 -- 9 53 38 * CI 1593 16 26 57 -- 15 . 34 51 -- . 10 52 38 * Grant 16 34 50 -- 17 36 47 -- 9 49 42 * 
CI 1666 16 23 61 -- 20 31 49 -- 9 "56 35 * 
CI 1587 15 26 59 -- 20 40 39 . -- 9 51 40 * 
Nored 15 26 59 -- 18 28 54 -- 10 50 40 
Cl 893 15 24 62 -- 17 28 54 - 8 47 43 
CI 1879 13 28 58 - 17 27 46 - 9 46 45 
Natasja 15 27 58 -- 19 32 49 -- 8 45 47 
Hera 17 29 55 -- 2 36 44 . -- 9 61 30 
Reina 15 28 58 -- 16 37 47 -- 9 59 32 
Nynke 15 26 59 -- 15 33 52 -- 10 55 35 
Overall average · 15.3 26.4 58.5 -- 17.5 . 31.9 49.3 - 9.2 51.9 37.8 
Sd 0. 39 0.76 0.79 0.50 0.81 0.11 0.20 0.81 0.88 
c.v. (%) 14.7 17.3 8.2 18.5 . 14.5 13.6 11.9 9.3 14.0 
Probability of F 
for cultivars 0.60 0.18 0.16 0.40 0.02 0.22 0.04 (.0.01 ~0.01 ll1 . . ...... 
. !)Flowering h~d started; 2)Means are from 58, 68 ·and 77 DAP. 
Table 14 (continued) 
Days after 
( 11 planting ss 68 ·• 
Roots Stems Foliage Boll Roots Stems Foliag~ Boll Roots Stems Foliage Boll 
% % % % % % % % % % % % 
CI 2538 8 51 22 19 6 43 16 35 6 40 12 42 
Linott 8 48 22 21 7 41 13 40 6 39 10 45 
Culbert 12 45 18 26 6 41 14 40 ·. 6 36 11 47 
Summit 9 50 21 20 7 42 13 31' ·, 6 39 11 44 
Koto 8 52 23 17 6 45 16 33 6 44 9 41 
Bolley 9 51 20 20 6 44 13 36 6 41 10 42 
CI 2395 7 49 24 20 6 43 17 .34 5 41 12 42 
CI 1593 9 45 22 25 6 41 14 41 6 38 11 45 
Grant 8 50 23 19 7 ' 43 13 36 5 42 10 43 
CI 1666 3 42 20 31 9 34 12 44 6 34 10 50 
CI 1587 8 47 24 21 6 42 19 33 5 4'0 13 42 
Nored 9 53 23 15 7 . 44 19 30 6 41 13 40 
CI 893 7 51 29 14 6 43 18 33 5 41 13 41 
CI 1879 . 7 . 56 25 11 7 45 21 27 6 43 14 36 
Natasja 9 62 21 8 9 56 14 21 6 52 ' 11 31 
Hera 8 61 18 13 8 55 11 25 6 55 9 30 
Reina 7 62 16 15 7 54 12 27 7 54 10 30 
Nynke 7 65 20 8 7 . 58 14 20 7 55 10 27 
Date mean 8.0 54.6 22.0 15.3 7.0 '•1 .s 15.5 31.0 6.0 45.1 11.4 37.5 
Scf 0.37 0.46 0.44 0.44 . 0.24 .0.37 0.30 0.30 0.14 0.30 0.22 0.26 
c.v. (%) 26.4 5.3 12.1 14.8 27.7 5,.0 12.0 5.5 12.8 4.1 . 12.2 4.0 
Probability of F 
for cultivars 0.42 I. 0. 01 ( 0.01 < 0.01 0.04 (.0 .• 01 < 0.01 . i,.0.01 0.0'9 (0.01 <0.01 ~0.01 us 
co 
Table 14 (continued) 
Leaf weight ratio Sepal weight ratio 
% % 
Days after 
planting 28 38 47 58 68 77 Cultivar 68 77 Cultivar 
mean mean 
CI 2538 60 52 33 15 5 4 28 4 4 4 
Linott 62 54 33 6 4 · 2 29 5 4 4 
Culbert 56 47 24 11 5 3 24 4 4 4 
. Summit 60 51 27 13 4 2 26 I 4 4 4 
Koto 58 47 35 17 8 2 28 4_ 4 4 
Bolley 58 47 27 14 5 3 26 4 4 4 
CI 2395 59 49 30 15 6 3 ·27 5 4 4 
CI 1593 57 51 30 14 5 2 27 4 4 4 
Grant 50 47 37 17 4 3 26 4 4 4 
Cl 1666 61 49. 30 1l. 5 2 36 5 6 5 
Cl 1587 59 39 30 14 7 3 26 4 4 4 
Nored 59 54 36 17 10 5 30 5 4 5 
Cl 893 62 54 40 . 20 7 4 31 4 4 4 
CI 1879 58 46 37 18 11 5 29 5 4 4 
Natasja 58 49 41 19 9 6 30 3 3 3 
Hera 55 44 27 15 7 4 26 3 2 3 
Reina 58 47 29 13 7 5 26 3 3 3 
Nyrtke 59 52 34 17 10 6 30 3 2 2 
Date mean 58 49 32 16 7 4 28 4 4 4 
Sci 0.79 0.11 0.87 0.42 .0.20 0.17 0.10 0.10 
c.v. (%) ~ 8.2 13.6 16.1 16.3 17,. 7 29.7 11.7 12.7 
Probability of F 
for cultivars 0.16 0.22 .( 0.01 4( 0.01 .(0.01 L0.01 .(0.01,0.01 
U1 
\() 
\ -- - __ j 
Table 14 (continued) 
Bract weight ratio 
% 
Days after / 
planting 47 58 68 77 Cultivar 
mean2) 
CI 2538 6 7 7 4 6 
Linott 5 6 4 3 4 
Culbert 6 7 5 4 6 
Summit 10 8 6 5 6 <... 
Koto 4 6 5 3 5 
Bolley 5 6 4 3 5 
CI 2395 8 9 6 5 7 
CI 1593 8 8 6 5 6 
Grant 5 5 5 4 5 
CI ,1666 5 5 3 2 4 
CI 1587 9 10 8 6 8 
Nored 3 5 5 4 5 
CI 893 4 8 7 6 7 
CI 1879 8 7 6 5 6 
Natasja 6 3 3 2 3 
Hera 2 3 2 2 2 
Reina 3 3 2 2 2 
Nynke 1 2 1 2 2 
Date mean 6 6 5 0.04 0.05 
Sci 0.01 0.01 0.01 0.01 
c.v. (%) .. 36.4 18.2 18.0 20.4 
Probability of F 





The three classes of flax cultivars studied show similar 
distribution patterns for all segments of the plant 
considered. Cultivars differed s~gnificantly for all plant 
growth components except root weight ratio (Tables 2, 3). 
Sampling dates were also statistically different for all 
plant growth components (Tables 2, 3). 
Analysis of variance results of weight ratios for 
foliage components. are also presented in Table 14. Leaf, 
bract and sepal dry weight ratios were analyzed from 28 to 
47 DAP and 58 to 77 DAP. There were significant differer : ~es 
among cultivars within dates of sampling except at 28, 38, 
58 and 77 DAP for root weight ratio; 28 DAP for stem weight 
ratio; 28 and 38 DAP for leaf weight ratio; and 28, . artd 38 
DAP for foliage weight ratio. A significant cultivar x date 
interaction was observed for stem weight ratios during the 
period 28-47 DAP and leaf weight, foliage weight and boll 
weight ratios for the sampling period from 58-77 DAP (Table 
2, 3). When data were combined over dates, cultivars were 
significantly different for all weight ratios except root 
weight ratios. Dates were also significantly different. 
Changes in stem, root, and foliage weight ratios for 
the 18 flax cultivars are presented in Figure 4. The 
contribution of roots to total dry weight was low throughout 
the experimental period. An increase in stem weight ratio 
from 28 DAP to 47 DAP was accompanied by a decline in both 
root and foliage weight ratios. Stem weight ratio dropped 
Figure 4. Changes in stem, fo11-.age, ·root and bo11 weight ratios of flax grown at Watertown, 
South Dakota in 1979. 
Early 
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steadily as boll weight ·ratio increased from 58 to 77 DAP. 
Foliage made up a majority of the total dry weight during 
periods prior to boll development while stems and bolls made 
up a majority of the total dry weight for the remaining 
sampling periods. 
Stem weight ratio was seen (Table 14) to increase 
from 28 DAP till 58 DAP but total stem dry weight increased 
overall till 77 DAP (Appendix VII) • . From 58 DAP to 77 DAP 
there were slight decreases in stem weight ratio. Grant 
showed the least increase betwec·:l 28 and 38 DAP. By 47 DAP 
most cultivars doubled their stem dry weight ratios except 
Grant which had a 44% increase. However, Grant had the 
highest st~m dry weight ratio at 28 DAP. Fiber cultivars 
showed the highest increase in stem dry weight ratio and 
reached their maximum at 58 DAP, except for Reina which had 
its maximum stern weight ratio at 47 DAP. Late flowering 
seed cultivars also had their maximum stem dry weight ratio 
at 58 DAP. 
Figure 5 shows changes in. stem weight ratio for 
the three types of flax studied. Up to 47 DAP, the three are 
similar in percentage of total dry weight due to stems. By 
58 DAP the fibers contain a relatively larger portion of 
.their total weight in sterns compared to early and late 
flowering cultivars. However, the slopes are generally the 
same. Fiber and late flowering cultivars showed an increase 
in stern weight ratio until 58 DAP while the early cultivars 
.. 
Figure 5. Changes 1n stem weight ratios of early flowering, late flowering and fiber flax 
cu1t1vars grown at Watertown, South Dakota· in 1979. 
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reached their maximum at 47 DAP. The change in foliage weight 
ratios are shown in Figure 6. A continuous decline from 
58.5% at 28 DAP to 11.4% at 77 DAP was observed, even though 
total foliage weight increased until 68 DAP for all culti-
vars (Appendix VIII). Late flowering seed cultivars had the 
highest ratio throughout the experimental period while the 
fibers had the lowest~ 
CI 893 and · Linott had the highest ratios at 28 DAP 
with Grant having ·the least (Table 14). Among the seed 
types, CI 1587 had the largest drop in foliage dry weight 
ratio,. from 28 DAP to 38 DAP, while Grant had the least. 
From 38 to 47' DAP there was no drop in CI 1587 and CI 1879. 
Between 58 and 68 DAP the late flowering seed type cultivars 
had the smallest drop in foliage dry weight ratio while the 
early flowering seed cultivars had the largest. 
The root dry weight ratio declined in the period from 38 
to 47 DAP and then remained almost constant until 77 DAP 
(Figure 7; Table 14). The slight differences among culti-
vars were not statistically significant. 
Flowering had begun by 47 DAP for early flowering 
seed cultivars, but no statistical analysis was conducted 
for boll weight ratio at this date. Because of this all 
weight ratios for early flowering seed cultivars except 
Linott and CI 2538 are overestimated at this date. The boll 
weight ratio increased from 58 DAP to a maximum at 77 DAP 
for all cultivars(Table 14; Figure 8). Early flowering seed 
'i. 
Figure 6. Changes 1n foliage w~1ght ratios of early flowering, .late flower1ng .and fiber·flax · 
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Figure -7. Changes in root weight ratios of early flowering, late flowering and fiber flax 
cultivars grown at ·Watertown, South Dakota in 1979. -., 
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Figure 8. Changes in boll weight ratios.of early flowering, late flowering and fiber flax 
cultivars grown at Watertown. South Dakota in 1979. 
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cultivars had the highest boll weight ratio at the three 
dates sampled while fiber types had the least. Late 
flowering seed cultivars had a low boll weight ratio at 58 DAP 
but by 68 DAP had the second highest of the three classes of 
cultivars considered. Of early flowering seed cultivars, CI 
1666 had the highest boll ratio and Koto the lowest. Fiber 
flax cultivars were all quite similar in boll ratio. CI 
1666 had the least increase overall but had the highest boll 
dry weight ratio at 77 DAP. 
Bract weight ratio . increased from 47 to 68 DAP anc. 
then decreased. Seed cultivars averaged 5.8% while the 
fiber types averaged 2.3%. CI 1587, an early flowering 
cultivar, and CI - 893, a late flowering cultivar, ha~ the 
largest percentage of their total dry weight in bracts • 
Sepal· weight ratios were determined at 68 and 77 DAP 
(Table 14). Significant differences were observed for 
cultivars within any given date of sampling and for dates. 
Fiber cultivars had lower sepal weight ratios than seed 
types. CI 1666 had the largest while Culbert had the 
smallest sepal dry weight ratio. There was a decline from 
68 to 77 DAP in sepal ratio with three exceptions CI 1666 
increased from 4.6 to 5.6%, Summit from 3.7 to 4.4% and · Koto 
from 3~8 to 4.1%. 
Boll numbers for 18 cultivars at 3 dates of sampling 
are presented in Table 15. Significant differences among 
cultivars within and across dates were observed along with a 




Days after Cultivar 
planting 28 38 47!:, 58 68 77 mean 
CI 2538 · 417 343 402 386 
Linott 419 391 341 384 -
Culbert 257 32.8 332 305 
Summit 332 365 340 346 
Koto 361 393 379 378 -
Bolley 243 258 271 257 
CI 2395 285 324 341 316 -
CI 1593 220 . 318 332 291 
Grant 312 274 330 306 
CI 1666 328 310 310 316 -
CI 1587 198 304 295 266 
Nored 275 319 326 306 
CI 893 359 375 392 375 
CI 1879 320 295 340 318 
Natasja 164 278 275 239 
Hera 243 204 227 224 
Reina 149 239 226 204 
Ny~ke 201 176 . 222 199 
Date mean 285 305 312 301 
SJ 9 9 13 9 
c.v. (%) 18.1 16.8 25.0 18.7 
Probability of P for cultivars ~ 0.01 . { 0.01 0.04 . ~ 0.01 
~ 
1)Flowering has started but number refers to replications with flowering 
71 
significant cultivar x replication interaction, but no culti-
var x date interactions were observed (Table 3). There was 
j 
a general increase in number of bolls from 47 to 77 DAP, 
with the maximum increase between 47 and 58 DAP. The average 
increase in number of bolls from 58 to 68 DAP was 7%; this 
was followed by a 2% increase from .58 to 77 DAP. Linott and 
CI 2538 had the highest number of bolls when averaged across 
dates. Nynke, a fiber cultivar, had the lowest number of 
bolls. CI 1587 had the lowest number among seed cultivars. 
The late flowering seed cultivar. CI 893 had high boll numbers. 
At 77 DAP, the early flowering cultivars averaged 334 bolls, 
the late cultivars averaged 333 bolls and the fiber type 
cultivars averaged 238 bolls. 
Table 16 presents dry weights of bolls at 3 sampling 
dates. There were significant differences among cultivars 
averaged across dates (Table 3) and cultivars within a date 
except at 77 DAP. There were also significant cultivar x 
date of sampling and replication x date of sampling interac~ 
tions (Table 2). Between 58 and 68 DAP there was a 65% 
increase in boll weight, whereas from 68 to 77 DAP, boll 
weight increased by 3.6055 g or 23% on the average. Across 
dates, Linott and CI 1593, both early flowering see d 
cultivars, produced the highest boll weight whereas Nynke 
and Hera, both fiber types, were lowest. At 58 DAP, CI 
1666, had highest boll weight and Nynke, had lowest. Boll 
weights at this date were overestimated because sepals were 
Table 16. Boll weights from 18 flax cultivars sampled at 3 dates grown at Watertown, South Dakota in 
1979. . 
Days after Cultivar 
Elan tins 28 38 47 58 68 77 mean 
CI 2538 4.5448 12.4159 18.9361 11.9659 
Linott 5.8481 17.0483 16.9937 13.2964 
Culbert 4.7124 14.5416 17.1853 12.1430 
Summit 5.2583 15.4180 17.4076 12.6925 ._.,-
Koto 4.8440 14 .1'123 17.4325 12.1316 
Bolley 5.5484 11.5657. [•. 14.0274 10.3805 
CI 2395 5.3245 14.3568 t 18.0131 12.5670 1,./ 
CI 1593 4.9642 . 15.7629 19.1030 13.2752 
Grant 5.2583 15.4180 17.4076 12.6925 
CI 1666 7.3529 14.1608 16.9255 12.8113 
CI 1587 3.0239 12.3243 14.6718 10.0066 
Nored 3.8725. 12.2933 17.8231 11.3288 
CI 893 3.6235 11.9245 15.5034 10.3509 
CI 1879 3.0791 9.7222 15.9643 9.5665 
Natasja 2.2281 9.5328 14.2221 8.6601 
Hera 3.5754 7.2457 13.5711 8.7972 
Reina 3.0662 10.8175 12.1631 8.6815 
Nynke -., 2.1834 6.1921 11.7621 6.7135 
Date mean 4.3162 12.3950 16.0005 . 10.9046 
Sci 0.2256 0.3701 0.6609 0.4232 
c.v. (%) 31.3 17.9 24.8 23.3 
Variety probability of F ' (.0.01 (. 0.01 0.28 £.0 .01 
~ 
73 
not removed. During the 58-68 DAP period Nynke and Hera 
showed the biggest increase averaging 5.6567 g or 256%. 
Linott and CI 1593, both early fl~wering seed cultivars, had 
the smallest increases .averaging 10.9930 g or 205%. There 
was an increase in boll weight for all cultivars except 
Linott from 68 to 77 DAP. CI 1593· had the highest boll 
weight at 77 DAP. Belley had the lowest boll weight among 
seed cultivars at 77 DAP. 
Table 17 presents total numbers of leaves for 18 
cultivars at 6 sampl·ing dates. . There were significant ( .": = 
0. 05) differences among dates, cu·ltivars across dates (Table 
1), and cultivars within dates except at 28 DAP. 
Significant cultivar x date of sampling interactions -were 
also observed (Table 1). There was a general reduction in 
leaf number throughout the study with the exception of 47-58 
DAP. The largest percentage reductions occurred during the 
last two sampling periods. During the period from 28 to 58 
DAP, there was an overall decrease in leaf number except for 
Nynke, CI 893 and Natasja. Large increases occurred for leaf 
numbers from 47-58 DAP for CI 893, Nynke and Linott, whereas 
Culbert, Reina, CI 1587, Grant and CI 1666 continued to 
decline. This is the period when most cultivars are in full 
bloom. Fiber type cultivars had 25% more leaves at 58 DAP 
than did seed type cultivars. From 58 to 77 DAP all culti-
vars lost leaves. At 77 DAP, Natasja had the largest number 
of leaves followed in order by the fiber cultivars, Nynke, 
Table 17. Number of leaves from 18 flax cultivars sampled at 6 dates grown at Watertown, South 
Dakota, in 1979. 
Days after Cultivar 
Elan tins 28 38 47 58 68 77 mean 
CI 2538 · 1137 946 682 839 312 354 . 712 
Linott 1467 715 830 1131 322 157 770 
Culbert 1018 934 534 517 502 238 624 
Summit 959 873 688 831 350 185 643 
Koto 1623 682 946 1173 719 I 171 886 
Bo11ey 998 919 590 840 296 : r 149 632 
CI 2395 1071 698 751 879 480 t 200 680 
CI 1593 938 970 493 598 294 169 577 
Grant 990 916 937 904 266 179 699 . 
CI 1666 1237 939 1033 944 268 102 754 
CI 1587 888 541 594 430 443 189 514 
Nored 1093 1074 783 1048 667 356 837 
CI 893 1020 872 597 1141 
/ 
522 224 729 
CI 1879 1228 774 820 1069 804 381 846 
Natasja 1303 1195 1405 1554 920 593 1161 
Hera 1484 1209 1178 1237 534 450 1041 
Reina 988 713 790 663 733 433 720 
Nynke 680 607 878 1224 736 523 775 
Mean 1118 865 807 946 509 283 756 
Sci 57 43 39 42 28 17 40 
c.v. (%) 30.8 30.0 29.1 26.1 33.2 35.9 31.8 
Probability of F 





Hera and Reina. The fiber type had 56% more leaves at 77 
DAP than did the seed-type cultivars. Nored and CI 2538 had 
the largest number of leaves among the seed cultivars. 
Total leaf areas at 6 dates of sampling are presented 
in Table 18. There were significant differences among 
cultivars across dates (Table 1) and within a date except at 
28 and 38 DAP. There were also significant differences 
among dates (Table 1). Cultivar x · date of sampling interac-
tions were significant. A general increase in total leaf 
area was observed until 58 DAP; then there was a reducti~n, 
especially from 58 to 68 DAP. Fiber cultivars generally had 
about the same . total leaf areas as the seed type cultivars. 
Hera, a fiber type cultivar, had the largest total 
leaf area at 28 DAP along with Linott and Koto. Nynke had 
the least total leaf area. CI 893 had the largest increase 
from 28 to 58 DAP while Culbert had the smallest. However, 
maximum periodic increase in area occurred between 38 and 47 
DAP. CI 1666, CI 1587 and Reina reached a maximum leaf area 
at 47 DAP, whereas all others had a maximum at 58 DAP. 
Culbert had the smallest total leaf area and CI 893 had the 
largest area at 58 DAP. Nynke, CI 1879 and Natasja had the 
largest total leaf area at 77 DAP. 
Table 19 shows area of foliage components at 68 and 
77 DAP. There were significant differences among cultivars 
in a given date and among dates for bract area but not sepal 




Table 18. Area of leaves and foliage from 18 flax cultivars sampled at 6 dates grown at Watertown, 
South Dakota in 1979. 
Dayo after cm2 Cultivar 
planting --· - 28 38 47 58 . 68 6at) 77 771) mean -
CI 2538 381.53 . 385.52 880.43 1003.66 323.67 812.97 '361.17 793.09 743.08 
Linott 451.25 305.82 901.30 1216.61 351.30 793.61 143.82 429.22 561.64 
Culbert 316.99 335.32 351.88 461.49 315.30 . 692.44 . 183.37 
I 
525.46 327.39 
Summit 308.87 368.57 707.88 949.88 321.83 9~7.18 154.24 490.79 464.57 
Koto 45.5. 52 265.74 1012.58 1360.83 716.12 1162.78 176.62 461.53 664.57 
Bo1ley 33'•. 7 4 409.43 589.09 981.12 297.50 614 • .92 151.10 419.81 460.50 
CI 2395 388.3~ 350.42 816.21 1176.48 585.25 1281.55 231.77 837.44 591.57 
CI 1593 299.99 434.53 545.71 717.27 373.40 862.51 194.74 627.91 427.69 
Grant 339.58 352.95 1025.40 1104.60 328.60 754.87 182.31 485.09 555.57 
CI 1666 425.04 308.80 844.35 839.89 269.95 5'•4. 24 88.45 318.48 462.81 
Cl 1587 299.28 262.69 710.03 567.57 486.88 1057.96 172.89 557.80 416.55 
Nored 384.56 536.45 · 852.90 1264.55 793.91 !'246.22 :407.78 . 800.36 709.12 
CI 893 317.07 327.10 765.17 1410.31 49/~. 98 9.94. 66 244.56 704.37 593.20 
CI 1879 383.68 348.05 906.22 1360.43 896.95 14'53.86 450.35 960.45 724.28 
Natasja 372.49 378.23 1011.53 . 1292.71 716.27 960.31 444.04 640.43 702.56 
Hera 456.64 417.88 892.50 1026.41 . 370.61 555.76 316.27 490.18 603.47 
Reina 299.92 299.18 670.44 642.51 583.60 801.70 335.16 508.59 471.63 
Nynke 205.99 244.69 722.17 1169.65 591.47 721.23 444.56 598.44 571.42 
Date mean . 356.69 351.73 788.38 1030.47 489.92 903.95 262.00 595.97 547.31 
Sci 19.09 21.17 58.02 41.76 24.95 33.22 14.16 27.83 27.37 
c.v. (%) 32.1 36.1 27.4 24.3 30.6 22.0 32.2 28.0 30.0 
Probability of F 
for cultivars 0.20 . 0.27 < 0.01 -< 0.01 < 0.01 ' < 0.01 < 0.01 < 0.01 <. 0.01 ....... 
0\ 
l)values includes sepals, le~ves, and · bracts areas. 
Table 19. Total area of foliage components from 18 flax cultivars sampled on two dates, grown at 
Watertown, South Dakota in 1979. 
68 DAP 77 DAP 
cm2 
Cultivar Leaves Bracts SeEals Total Leaves Bracts Sepals Total 
CI 2538 323.67 401.23 88.07 
' 
812.97 361.17 349.61 82.31 793.09 
Linott 351.30 311.63 130.68 793.61 143.82 205.04 80.36 429.22 
Culbert 315.30 301.98 75.16 692.44 183.37 278.94 63.15 525.46 
Summit 321.83 516.59 108.75 947.18 154.24 268.37 92.00 490.79 
Koto 716.12 346.85 99.82 1162.78 176.62 I 195.38 89.53 461.53 
Bo11ey 297.50 233.20 84.23 614.92 i51.10 -185 ;34 83.37 419.81 
CI 2395 586.25 544.29 151.02 1281.55 231.77 505.52 100 •. 37 837.66 
CI 1593 373.40 434.51 105.09 862.51 19.4.74 334.26 98.91 627.91 
Grant 328.60 341.59 84.68 754.87 182.31 240.47 78.11 485.09 
CI 1666 269.95 177.57 96.72 544.24 88.45 119.49 88.12 318.48 
CI 1587 496.88 465.62 105.45 1057.96 172.89 306.74 .78.18 557.80 
Nored 793.911 315.97 136.35 1246.22. 407.78 285.42 107.15 . 800.36 
CI 893 494.98 415.57 84.20 994.66 224.56 . 396.14 . 63.77 704.37 
CI 1879 896.95 444.55 107.36 1453.86 450.35 417.40 92.70 960.45 
Natasja 716.27 164.49 79.54 960.31 444.04 140.93 55.47 640.43 
Hera 370.61 120.19 64.96 555.76 316.27 118.20 55.71 440.18 
Reina 583.60 147.80 70.30 801.70 335.16 115.35 59.08 508.59 
Nynke 591 .47 85.42 44.34 721.23 444.56 110.14 43.75 594.44 
Date mean 489.92 320.78 95.20 903.95 262.0 255.38 78.38 595.97 
Sci 24.95 14.11 3.22 33.22 14.16 17.19 3.30 27.83 
c.v. (%) 30.6 26.4 20.3 22.0 32.2 40.4 25.2 28.0 
Probability of F 




its components from 68 . to 77 DAP. At 68 DAP, leave-s made up 
54% of total foliage area while bracts and sepals made up 
35% and 11%, respectively. By 77 DAP, the percentages had 
changed to 44%, 43% .and 13% for leaves, bracts and · sepals, 
respectively. At 68 DAP, CI 1879 had greatest total foliage 
area and Belley had least. CI 1666 had the least total 
foliage area at 77 ·DAP while CI 1879 again had the most. 
Koto showed ~he- greatest decline ·betwen 68 and 77 DAP. CI 
• 2395 tended to be high in bract and sepal areas, whereas Nynke 
was low in. both. Nored also was high in bract and sepal 
areas• 
Specific leaf weight (SLW) data for 18 flax cultivars 
are presented in Table 20. Significant(~= 0.05) .differen-
· ces were observed among cultivars within a date for all 
\ 
dates 'except 68 DAP and among cultivars across dates (Table 
1). Significant differences among sampling dates were also 
~bserved along with a significant cultivar x date interac-
tion (Table 1). There was a general _ increase between 28 and · 
38 DAP followed by a decrease from 38 to 58 DAP; then SLW 
increased to a maximum level at 77 DAP. Culbert tended to 
be high in SLW and CI 2395 low. Fiber cultivars tended to 
be higher than seed cultivars, but the differences were not 
large. The highest mean SLW occurred at 77 DAP • . Culbert 
reached its maximum at 47 DAP, whereas Grant and Koto, both 
early flowering cultivars, and CI 893, a late flowering seed 
cultivar, reached a maximum SLW at 38 DAP. CI 2538 and Bolley 
Table 20. Specific leaf weight of 18 flax cultivars sampled at 6 dates, grown at Watertown, South 
Dakota in 1979. 
Days after ms cm-2 Cultivar 
plant ins 28 38 47 58 68 77 mean 
CI 2538 2.364 5.5172 3.194 3.526 6.458 4.783 4.409 
Linott 2.473 4.937 4.385 3 .. 750 4.922 5.480 4.324 
Culbert 2.628 5.634 7.514 4.158 5.900 5.639 5.247 
Summit 2.655 5.125 4.517 3.651 4.6p6 6.885 4.513 
. Koto 2.361 s.i37 4.065 3.463 4.497 4.993 4.078 
Bo11ey 2.575 4.959 4.559 3.789 5.210 5.193 4.381 
CI 2395 2.509 4.605 4.222 3.335 4.188 4.624 3.947 
CI 1593 2.688 5.071 4.570 3.762 4.640 5.257 4.325 
Grant 2.423 5.122 4.272 3.620 4.129 5.111 4.113 
CI 1666 2.382 5.772 4.757 4.052 5.833 5.949 4.632 
CI 1587 2.473 4.617 4.122 3.660 5.070 5 .852· 4.266 
Nored 2.548 4.631 3.411 3.533 . 4.811 4.959 4.115 
CI 893 2.598 5.467 4.706 3.525 4. 986 . 5.058 4.390 
CI 1879 2.684 4.644 4.281 3.683 4.864 5.101 4.210 ~ 
Natasja 2.640 5.798 -5.109 4.040 5.241 5.872 4.783 
Hera 2.455 5.177 4.841 4.159 5.182 6.110 4.654 
Reina 2.406 5.020 4.135 3.963 4.924 5.944 4.499 
Nynke 2.469 5.589 4.560 3.923 5.272 5.701 4.586 
Date mean 2.581 5.138 4.546 3.755 4.983 5.451 4.415 
sd 10-8 10-8 1o-8 1o-8 10-8 10-8 10-8 
c.v. (%) 6.31 9.0 21.2 4.8 18.4 10.9 12.7 
Probability of F 





reached maximum levels at 68 DAP. 
There were significant differences among cultivars in 
• date for specific bract weight ratio (SBW; Table 21). 
There were also differences among dates (Table 3). A 
general increase from 68 to 77 DAP was observed which 
averaged 0.469. Summit had the highest increase of 2.068 
mg/cm2. At 68 DAP, Natasja had the highest SBW· and Summit, 
the least. Fiber cultivars had higher SBW than seed culti-
vars. At 77 DAP Natasja again had the highest SBW while CI 
2395, an ear~y flowering seed cultivar, had the least. 
·Fiber cultivars averaged 7.584 mg/cm2 compared to mg/cm2 for 
seed cultivars • . The increase in SBW for fiber cultivars 
from 68 to 77 DAP was about 14% compared to 10% for s~ed 
cultivars. Grant had the lowest SBW at 77 DAP. 
Specific sepal weights (SSW) are also presented in 
Table 21. Differences among dates (Table 3) and among 
cultivars within a date were significant. SSW increased 
from 68 to 77 DAP; and Natasja had the biggest increase of 
5.11 mg/cm2 and Bolley had the least. Natasj a and Nynke 
both fiber cultivars and both having low 25-sepal area, had 
the highest SSW at 77 DAP. Similarly, CI 2395 was high in 
25-sepal area but low in SSW. Overall fiber cultivars 
averaged 18.351 mg/cm2 compared to 18.22 mg/cm2 for SSW of 
seed cultivars. 
Bracts had the highest specific weight of the three 
foliage components. At 68 DAP, leaf and sepal specific 
Table 21. Specific sepal weight and specific bract weight from 18 flax cultivars sampled at 2 dates, 
grown· at Watertown in 1979. 
SEecific seEal wei~ht 
ms/cm2 
Specific bract weight 
Days after 
planting- ·- 68 77 Cul ti var mean · 68 77 Cultivar mean 
CI 2538 17.08 18.95 18.04 5.725 5.873 5.799 
Linott . 15.13 15.19 17.16 5.679 6.351 6.015 
Culbert 17.42 19~52 18.47 5.995 6.098 6.047 
Summit 13.88 18.69 16.28 4.80D J 6.868 5.834 
· Koto · 16.91 19.25 18.08 5.734 6.567 6.151 
Bo11ey 16.10 16.43 16.26 5.914 6.317 . 6.116 
CI 2395 13.28 16.09 14.68 5.078 5.466 5.272 
CI 1593 14.92 17.07 15.99 . 5. 261 5.248 5.755 
Grant 14.61 19.19 16.90 5.001 5.702 5.352 
CI 1666 14.64 18.63 16.64 5.381 5.861 5.621 
CI 1587 15.18 17.95 16.56 . 6.179 6.638 ·. 6.409 
Nored 13.77 17.37 15.57 5.995 6~343 6.169 
CI 893 17.72 19.40 18.56 5.688 6.082 5.885 
CI 1879 15.76 17.72 16.74 5.166 5.751 5.459 
r 
Natasja 16.97 22.08 19.23 7.364 7.894 7.629 
Hera 14.66 19.47 17.06 7.254 7.726 7.490 
Reina 15.45 18. 99 17.20 6.141 7.235 6.688 
Nynke 17.44 20.36 18.90 6.941 7.481 7.211 
Date mean 15.6 18.6 17.1 5.50 6.472 6.161 
sd "" 1o-8 1o-8 1o-8 10-8 
c.v. (%) 8.0 7.3 7.6 8.8 9.9 9.4 
Probability of F 




·weights were 15% and 73% less than the bract specific weight. 
By 77 DAP, the percentages were 16% and 71% less, respectively, 
for leaves and sepal specific weight. 
Leaf Area Index . (LAI) data of the 18 cultivars 
sampled across dates are presented in Table 22. Data for 68 
and 77 DAP are presented both for .leaves and for total 
foliage. Significant differences were observed for culti-
_vars within dates, and for cultivars averaged across dates 
when data included leaves only (Table 1). A combined analy-
sis including total .foliage across all dates is not 
included here. Average LAI values never exceeded 1.0. The 
highest value for leaves occurred at 58 DAP and for total 
foliage at 68 DAP. Late flowering seed type cultivars had 
the highest LAI; followed by fibers and finally early seed-
type cultivars. CI 1879, Nored, and Natasja had the highest 
LA!. Koto, an early flowering seed-type cultivar, also had 
a high LA!. At 58 DAP, CI 893, CI 1879 and Koto had the 
highest LAI whereas Culbert had the lowest. At 77 DAP, CI 
1879 had the highest LAI while CI 1666 had the lowest. 
Leaf Area Ratio (LAR) data are presented in Table 23. 
Significant differences among cultivars within a date were 
observed except for 28 DAP and 38 DAP, among culti vars and . . 
among dates; cultivar x date interactions a lso were sta-
tistically significant (Table 2 and 3). A general decrease 
in LAR was observed from 28 to 77 DAP. The biggest decline 
Table 22. Leaf area and ~ foliage ·area index . for 18 flax cult~var$ sample~ at 6 dates, grown at Watertown, 
South Dakota in 1979. 
Days after Leaf area index Cultivar 
planting· -·- 28 38 47 58 . 68 681) 77 771) mean 
CI 2538 0.36. 0.36 0.74 0.92 0.30 0.75 0.33 0.73 o.so 
Linott 0.42 0.28 0.81 1.12 . 0.32 0.73 0.13 0.40 0.52 
Culbert 0.25 0.31 0.32 0.42 0.29 0.64 0.17 0.48 0.30 
Summit 0.28 0.34 0.65 0.87 0.30 0.87 I 0.12 0.45 0.43 
Koto 0.42 0.25 0.93 1.26 0.66 ' 1.08 0.16 0.42 0.61 
Bolley 0.31 0.38 0.54 0.90 0.27 0.57 0.13 0.39' 0.42 
CI 2395 0.36 0.36 0.15 1.09 0.54 1 .• 18 0.21 0.77 0.55 
CI 1593 0.28 0.40 0.50 0.66 0.35 0.80 0.18 0.58 0.39 
Grant 0.31. 0.33 0.95 1.01 0.30 0.10 0.17 0.45 0.51 
CI 1666 0.39 0.28 0.78 0. 77 . 0.25 0.50 0.08 . 0.29 0.43 
CI 1587 0.28 0.24 0.66 0.52 0.45 0.98 0.16 0.51 0.38 
Nored 0.38 0.49 0.80 1.17 0.73 1.14 0.37 0.74 0.65 
CI 893 Q.29 0.30 0.71 1.30 0.46 0.92 0.23 0.65 0.55 
CI 1879 0.35 0.32 0."83 1.26 0.83 1.34 0.42 0.88 0.67 
! 
Natasja 0.34 0.35 0.93 . 1.19 0.66 0.89 0.41 0.59 0.65 
Hera 0.42 0.39 0.82 0.95 0.34 • 0.51 0.29 0.45 0.56 
Reina 0.28 0.28 0.62 0.59 . 0.54 . o. 74 0.31 0.47 . 0.44 
Nynke 0.19 0.23 0.17 1.08 0.55 0.67 0.41 o.ss 0.53 
-
Mean 0.33 0.32 0.73 0.95 0.45 0.83 0.24 0.55 0.50 
Sd ... 0.018 0.019 0.033 0.038 0.23 0.031 0.34 0.026 
c.v. (%) 32.1 36.1 27.4 24.3 30.6 22.0 32.6 28.0 
Probability of F 
for cultivars 0.19 0.27 ~ 0.01 <0.01 < 0.01 .('. 0.01 .l0.01 '0.01 (X) w 
· 1 >values based· on total area: of leaves, bracts· and ·sepals. 
Table 23. ·Leaf area ratio for 18 flax cultivars sampled at 6 dates, grown at Watertown, South Dakota, in 1979. 
Time interval in Cultivar 
dals after Elanting .28 38 47 . 58 68t,: 68 77t) 77 mean2) 
- ··-- --
CI 2538 255.51 101.27 78.34 41.84 23.44 9.52 17.76 8.08 72.51 
Linott. 25.2.36 109.62 76.11 44.05 18.77 8.32 11.54 3.93 82.50 
Culbert 2i3.33 83.35 35.45 25.61 18.95 8.80 14.52 . 5.32 62.06 
Summit 227.82 100.20 59.65 36.65 23.13 · 8.00 12.04 2.99 72.62 
Koto 245.14 92.88 87.08 47.74 26.85 16.62 11.29 4.37 82.44 
Bo11ey . 225.43 96.12 59.99 36.02 19.34 9.3_7 13.37 5.02 72.10 
CI 2395 236.72 108.07 71.32 44.48 30.32 13.92 19.11 5.31 80.12 
CI 1593 215.10 99.73 65.78 37.32 21.76 8.66 14.68 4.54 72.08 
Grant 204.03 92.42 87.32 48.00 23.48 10,32 13.23 4.99 74.62 
CI 1666 257.33 85.92 63.18 . 34.91 18.06 8.96 9.70 3.08 76.61 
CI 1587 238.22 85.53 74.12 39.35 28.72 13.24 15.82 4.85 76.02 
Nored 231.99 116~37 86.70 49.53 30.75 19.52 17.94 9.24 85.79 
CI 893 238.26 100.29 86.96 57.61 27.96 13.99 19.18 7.53 84.25 
CI 1879 223.26 99.46 86.59 49.13 37.40 22.77 21.57 10.09 81.79 
r 
Natasja 219.90 85.12 78.56 ' 46.22 21.42 15.98 14.04 · 9.63 76.03 
Hera 223.09 84.67 .56.73 ' 37 .18 16.09 10.96 10.87 7.07 70.53 
Reina .240.62 93.28 60.85 32.5.2 19.72 14.25 12.58 8 • .26 75.07 
Nynke 240.15 93.63 75.09 42.69 23.28 19.19 14.17 10.50 80.33 
Date mean 232.57 95.00 71.66 41.71 23.91 14.98 14.72 6 ·'•5 . 6.53 
SJ 3.97 2.76 1.68 3.59 1.79 0.51 0.37 0.31 
c.v. (%) 10.2 17.3 14.1 16.3 14.2 23.5 15.1 28.8 
Probability of F 
for cultivars 0.10 0.24 <:.. 0.01 <..0.01 <.. 0.01 ~ 0.01 <..0.01 <.0.01 
00 
.f:'-
l)values based on total area as leaf area + bract area + sepal area; 2)Means based on leaf area only. 
occurred between 28 and - 3~ DAP and averaged 136.57 cm2/g. 
Overall, late flowering seed-type cultivars had higher LAR 
than early flowering seed-type cultivars and fiber 
cultivars. Culbert had the lowest LAR among the seed type 
cultivars. CI 1666 and Linot.t dropped · in LAR most rapidly 
85 
from 28 to 77 DAP. At 28 DAP, the mean LAR for early flowering 
seed-type cultivars was 233.73 cm2/g compared to 230.94 
cm2/g and 230.50 · cm2/g for fiber cultivars and late 
flowering seed type cultivars respectively. Late cultivars 
had the highest LAR .at 6.8 DAP, b1."'t fiber cultivar were highest . 
at 77 DAP. Cultivars with high LAR tended to have high 
foliage area ratios. CI 1666 had the lowest area ratio at 77 
DAP regardless of the method of calculation, while fiber 
cultivars had medium ratio values. 
Table 24 presents data showing the mean relative 
growth rates (R). Ninety-five percent confidence limits are 
given in Appendix Table IX. There were no statistical dif-
ferences among cultivars within a date for R during any 
interval of time. However, there were significant differen-
ces among dates (Table 25). Fiber cultivars tended to have 
slightly higher growth rates on the average during the 
earlier sampling periods while the late flowering seed type 
cultivars showed slightly higher rates at 53 and 64 DAP. 
Fiber cultivars showed a drop in R from 33 to 47 DAP, while 
the. early flowering and fiber cul ti vars increased during the 
first period and then declined. Figure 9 shows the changes 
-Table 24. Mean relative growth rate (R) for 18 flax cultivars sampled at 6 dates grown at Watertown, 
South Dakota in 1979. 
Time interval in g g-1~-1. 
da~s after E1antins 33 43 53 64 74 Cultivar mean 
CI 2538 0.106 0.102 0.077 0.039 0.034 0.072 
Linott 0.037 0.156 0.075 0.037 -0.025 0.056 
Culbert 0.116 0.093 0.042 0.074 -0.001 0.065 
Summit 0.105 0.122 0.074 0 .03,1 -0.001 0.067 
Koto 0.052 0.180 0.082 ,. 0.043 -0.005 0.070 
Bo11ey 0.114 0.083 0.095 0.016 -0.002 0.061 
CI 2395 0.076 0.131 0.076 0.044 0.004 0.066 
CI 1593 0.133 0.067 0.068 . 0.072 0.011 0.070 
Grant 0.097 0.112 0.065 0.027 0.023 0.065 
CI 1666 0.086 0.134 0.051 0.024 0.006 0.060 
CI 1587 0.073 0.137 0.035 0.085 -0.010 0.064 
Nored 0.113 0.074 0.088 0.054 0.009 0.068 
CI 893 0.098 0.097 0.097 0.034 ~0.018 0.062 
CI 1879 0.082 ' 0.108 0.086 0.042 0.013 0.066 
Natasja 0.106 0.105 0.071 0.052 -0.002 0.066 
Hera 0.095 0.177 0.053 0.032 0.023 0.064 
Reina 0.124 0.142 0.058 0.070 0.002 0.079 
Nynke 0.106 0.155 0.091 0.019 0.033 0.081 




Table 25. Mean relative growth rate (R): Degrees of freedom, mean squares and F-test. 
Source d.f. m.s. F-test 
Interval 4 0.035778 ** 
Error 85 0.000378 
Total 89 




in R with time for the .three classes of cultivars. 
Table 26 presents data on R values calculated only 
for the panicle for the 18 cultivars at 2 dates of sampling. 
No statistical diffe·rences were observed for cultivars in a 
date (Appendix X). Significant differences (cl= 0.01) were 
observed between dates as determined by the student-t-test 
but no significant 'differences existed among cultivars 
averaged across· dates (Table 27). Early cultivars showed 
the lowest growth rates of the panicle at 64 DAP but the 
highest at 74 DAP • . 
Table 28 presents mean unit leaf rates (E) for the . 
three classes· of cultivars. There were no statistical dif-
ferences ~mong cultivars within a date for E during any 
interval of time (Appendix IX); however there were signifi-
cant differences among dates (Table 29). Fibers tended to 
have higher rates than seed ·types at 33 and 43 DAP, whereas 
the late flowering seed types had . slightly higher rates 
than the early flowering seed type cultivars. There was a 
general increase in rates from 33 to 65 DAP followed by a 
decrease to 74 DAP. The early cultivars had higher rates 
than late flowering cultivars throughout the experimental 
period overall but dropped to low of 0.085 x lo-5 g/cm/day 
at 74 DAP. Because it is assumed that leaves, bracts and 
sepals all can photosynthesize, E calculated on total 
foliage area basis may describe the growth rate more 
appropriately than the other models tested. Figure 10 shows 
Figure 9. · Changes in mean relative growth rates of ·early flowering~ ·late flowering and fiber 
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Table 26. Mean relative growth rate (R) of the panicle for the ·18 flax cultivars sampled 
at 3 dates grown at Watertown, South Dakota in 1979. 
Time interval in s s-l.day-1 
days after planting 64 74 Cultivar mean 
CI 2538 0.090 0.047 0.069 
Linott 0.084 -0.014 0.035 
Culbert 0.111 0.160 0.136 
Summit ' 0.080 0.048 0.064 
Koto 0.102 0.010 0.056 
Belley 0.068 0.011 0.040 
CI 2395 0.086 0.018 .o :o52 
CI 1593 0.097 0.023 0.060 
Grant 0.076 0.032 0.054 
CI 1666 0.056 0.018 0.037 
CI 1587 0.123 0.038 0.081 
Nored 0.120 0.027 0.074 
CI 893 0.098 0.015 0.066 
CI 1879 0.119 0.033 0.076 
Natasja 0.157 0.019 0.088 
Hera 0.108 0.030 0.070 
Reina 0.131 0.001 0.066 
Nynke 0.127 0.056 0.092 
Mean for interval 0.111 0.029 . 0.070 
\0 
0 
-Table 27. Mean relative growth rate (R) for the panicle: : Degrees of freedom, mean squares and 
F-test. 
Source d. f. m.s. F-test 
Cultivars 17 0.001078 n.s. 
Error 18 0.005317 
Total 35 
n.s. indicates no significant difference 
\0 
~ 
Table 28. Mean unit leaf rate for 18 flax cultivars sampled at :6 dates grown at Watertown, South Dakota in 
1979. 
Time interval in X1o-5 gm cm-2~-1 Cultivar 
. days after .planting 33 43 53 . .64 . 74 ) 742) 743) 74'4) meanS) 
CI 2538. 0.721 1.044 1.340 2.247 3.556 2.928 1.607 1.246 1.795 
Linott 0.235 1.786 1.333 1.974 -4.504 -2.814 -1.514 -1.263 0.165 
Culbert 0.919 1.943 1.533 5.518 0.201 0.087 -0.084 -0.054 2.023 
Summit 0.724 1.685 1.670 2.419 -5.122 
I 
-0.203 -0.916 -0.725 0.275 
Koto 0.159 1.905 1.316 1.578 -0.646 -0.344 " -0.264 -0.224 0.862 
Bolley 0.812 1.123 2.185 0.924 0.865 0.373 -0.047 -0.029 1.182 
CI 2395 0.506 1. 595 . 1.407 1.793 0.517 0.329 0.159 0.135 1.164 
CI 1593 0.958 0.870 1.469 3.507 1.787 1.195 0.557 0.482 1.957 
Grant 0.781 1.255 1.114 1.224 4.073 2.471 1.313 1.689 1.689 
CI 1666 0.593 1.898 0.895 1.555 1.434 1.122 0.159 0.186 1.275 
CI 1587 0.500 1.769 0.550 4.083 -1.410 -0.895 -0.491 . -0.389 1.098 
Nored 0.717 0.602 1.531 1.844 0.721 0.570 · 0.319 0.283 1.083 
CI 893 0.650 1.047 1.543 1.206 0.077 0.425 -0.043 -0.026 0.905 
Cl 1879 0.598 1.173 . 1. 363 1.036 0.781 0.781 0.491 0.425 1.106 
Natasja 0.808 1.368 1.184 2.073 -0.099 -0.106 -0.083 -0.083 1.067 
Hera 0.681 1.863 1.384 0 3.404 0.431 0.240 0.249 0.168 1.861 
Nynke 0.732 1. 962 1.665 0.715 2.641 2.139 1.973 1.678 1.543 
Reina 0.681 1.863 1.384 3.404 0.431 0.240 0.249 0.168 1.861 
Mean for interval 0.681 1.402 1.384 2.004 0.694 0.595 0.598 0.489 1.235 
1)values calculated on leaf area basis only; 2)values calculated on . leaf area plus bract area basis; 3)values 
calculated on leaf area . plus sepal area basis; 4)values calculated on total foliage area; 5)Mean for values \0 
calculated on leaf area only. N 
-Table 29. Mean unit leaf rate (E): Degrees of freedom, mean squares and F-test. 
Source d.f. m.s. F-test 
Intervals 4 8.7052 * 
Error 85 3.1134 
Total 89 ------





. - . . 
Figure 10. Changes in mean unit leaf rate (E) of early flowering; late flowering and fiber 
type cu1tivars grown at Watertown, South Dakota in 1979. · . 
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the changes over time of mean unit leaf rate for the three 
classes of cultivar tested. 
EXPERIMENT 2: · Seed Yield and its Components 
95 
Table 30 presents harvest index, seed yield and yield 
components data. There were significant differences among 
cultivars for all parameters. Seed type cultivars averaged 
134iohigher in seed ' yield than the fiber type cultivars. 
Late-flowering s~e~ type cultivars outyielded late culti-
vars b~ 9%. Nored .was the highest yielding early cutlivar 
followed by CI 2538 and Linott, both of which are early 
· flowering. Natasja was the highest yielding fiber cultivar. 
Seed weight expressed as· kg/ha and seed weight per 0.108 
m2 ranked cultivars different, but high yielding cultivars 
were grouped similarly. Nored and Bolley had the highest 
total boll weight among the seed type cultivars. CI 159~, 
Nored, CI 1587 and Bolley had the heaviest 100 boll weights 
whereas Reina, had the lowest. Koto and Bolley had the 
highest number of bolls and Nynke had the least. Seed 
cultivars had more bolls than fiber cultivars, with early 
flowering seed cultivars having more than the late flowering 
type. CI 1593 had the heaviest 1000 seed weight : Bolley, 
CI 2395, CI 1587, Nored and CI 1879 also had relatively high 
100-seed weight. Koto had the highest total number of seeds 
whereas Nynke had the lowest. CI 1593, CI 1666, CI 1587 and 
CI 1879 had the lowest seed numbers among the seed type 
Table 30. Harvest index, seed yield and its components per 0.71 m2 from for 18 flax cultivars sampled at 
96 at DAP, grown at Watertown, South Dakota in 1979. 
Boll 100 boll 100 boll Seed Total boll 
Seed yield Total plant weight weight seed weight yield/0.108m2 number 
kg/ha weisht (8) (g) (g) (8) (g) 
CI 2538 1362cV 40.21 \ 18.37 5.49 4.26 14.33 335 
Linott 1264 - 05.42)) 16.29 5.60 4.21 12.43 288 Culbert 1233 34.44 16.45 . 5.80 4.63 13.16 285 
Summit 1227 - - ~- 15.32 5.43 4.24 11.94 281 
.Koto 1223 40.30 ) 17.14 5.00 3.84 11.36 343 
Bolley 1202 45.50 20.88 6.10 4.81 16.41 342 
CI 2395 1173 c3~ l 17.09 5.84 4.33 12.64 292 
Cl 1593 1161 33.21 15.82 6.72 5.01 11.86 236 
Grant 1146 ~ 15.09 5.25 3.96 11.36 288 
Cl 1666 989 29.83 14.66 5.67 3.90 10.29 259 
CI 1587 981 31.14 14.46 6.27 4.61 10.46 230 
Nored 1412 0 40.95 18.89 6.69 . 5.19 . 14.53 283 
CI 893 1242 34.97 16.29 5.15 3.85 12.06 222 
CI 1879 1190 41.81 16.44 6.06 4.64 12.47 272 
Natasja 1047 53.77 14.31 5.17 3.79 . 10.04 277 
Hera 878 45.83 12.40 5.82 4.12 8.57 217 
Reina 809 44.45 10.-33 4.71 3.57 7.56 222 
Nynke 722 34.84 9.21 5.13 3.43 7.97 182 
Mean for dates 1128 38.70 15.52 5.66 4.25 11.64 275.1 
sd 18.0 1.41 0.53 0.07 0.07 0.47 9.4 
c.v. (%) 9.5 21.8 20.5 ' 7.1 9.9 24.1 20.4 
Probability of F e , for cultivars ~ 0.01 0.02 '0.01 ~0.01 <:0.01 £0.01 
\0 
0\ 
Table 30 (continued) 
1000 seed Total number Harvest .seeds Seed weight 
weight (g) of seed index per l"Jll per boll 
CI 2538 5.68 2513 0.36 7.5 0.0428 
Linott 5 .. 15 2366 0.36 -:- 8.2 0.0426 
Culbert 5.75 2-271 0.38 8.0 0.0464 
Summit 5.72 2098 0.34 ~ 7.4 o.-o442 
Koto 4.67 2819 0.28 8.2 I 0.0335 
Bo1ley 6.09 2693 0.36 7.9 0.0479-
CI 2395 6.30 2018 0.32 - 6.9 0.0432 
CI 1593 6~70 1787 0.36 7.6 0.0504 
Grant 5.55 2051 0.32 - 7.1 0.0395 
CI 1666 5.72 1761 0.35 -- 6.8 0.0398 
CI 1587 6.56 1620 0.34 7.1 0.0454 
Nored 6.16 2382 0.35 8~4 0.0514 
CI 893 5.55 2204 0.35 6.9 0~0383 
CI 1879 6.50 2940 0.30 7.1 0.0460 
Natasja 5.27 1996 0.19 7.2 0.0362 
Hera 5.55 1575 0.19. 7.4 0.0403 
Reina 5.56 1416 0.18 6.4 0.0351 
Nynke 5.27 1189 0.23 6.5 0.0433 
Overall mean 5.76 2038.9 0.31 7.37 0.0425 
Sci 0.05 74.3 0.01 0.10 0.0011 
c.v. (%) ·- 5.1 21.9 13.2 7.8 15.1 
Probability of F 




cultivars. Nored had _the highest number of seeds per boll, 
whereas Reina and Hera had the lowest of 6.4. CI 893, CI 
1666 and CI 2395 had the lowest seeds per boll among seed 
cultivars. Nored and CI 1593 had the highest seed weight 
per boll. Culbert, Bolley and CI 2538 showed almost the 
same seed _weights per boll as Nored. Culbert had the 
highest harvest index, whereas Natasja and Hera, both fiber 
cultivars, had the lowest. Seed cultivars had higher har-
vest indices than fibers. 
Table 31 presents seed yield components calculated on 
per-plant basis for the 18 flax cultivars tested. There 
signi.ficant differences (~= 0.05) among cultivars 
co~ponents. Seed cultivars showed relatively higher 
boll numbers per plant than fiber cultivars, and late-
flowering seed cultivars had more bolls per plant than early 
cultivars. Seed cultivars also showed higher boll weight 
per plant than the fiber cultivars. Late cultivars had 
higher boll weight per plant than early cultivars. Seed 
type cultivars had higher seed number per plant than fiber 
cultivars. This was true for seed weight per plant also. 
Table 32 presents simple correlation coefficients for 
all combinations of characters studied. Components that 
showed high correlation with seed yield per 0.108rn2 were 
boll number _ ~r = 0.793**), total seed number (r = 0.840**), 
total boll weight (r = 0.297**) seeds per boll (r = 
_0.425**) and seed weight per boll (r = 0.511**). Total 
Table 31. Seed yield components per plant from 18 cultivars sampled at 96 DAP grown in the field at 
Watertown, South Dakota in 1979. 
Total plant Bolls per Boll weight Seeds per Seed weight 
number Elant Eer Elant <s> Elant Eer Elant (g) 
CI 2538 . 44 8 0.4266 58 0.3314 
Linott 46 6 ~ ® 0.3209 Culbert 46 6 o. 49 52 0.3005 
Summit 42 7 0.3750 51 0.2923 
Koto 60 6 0.2893 I 47 0.1969 
Bolley 49 7 0.4526 58 0.3559 
CI 2395 471-- (6 0.3725 ' 44 ) 0.2756 
CI 1593 41 6 0.4063 46 0.3051 
Grant 38 8 0.0]) ~ 0:333~ CI 1666 47 -6 0.3436 0.2411 
CI 1587 29 8 0.5190 58 0.3744 
Nored 44 6 0.4324 . 54 0.3327 
CI 893 37 9 0.4529 61 0.3358 
CI 1879 40 7 0.4299 51 0.3263 
Natasja 48 6 0.3114 43 0.2141 
Hera 48 5· 0.2913 37 0.2033 
Reina 42 6 0.2638 36 0.2009 
Nynke 41 7 0.3669 48 0.3180 
Date mean 42.8 6.8 0.3871 50.4 0.2921 
Sd 2.3 0.3 0.0171 2.3 0.0146 
c.v. (%) . 32.1 24.1 26.5 27.2 29.2 
Probability of F 




Table 32 •. Phenotypic correlation coeff~cients between seed yield components 
Chaucter-
1 Total planta 
t !~t~l pl~~t vetght 
-., tOI) b.lll vdzht 
lCO ~ol1 seed weight 
~ 10v boll nu~b~r 
, Tcul •~eJ "·~1ght 
, Su~pl;:,t ball numbeT 
~ll~ls/plant 
• Seed weis~t/t~lant 
TotAl ~~~~ nuQber 
Sl"~!s/~l•~t 
·Total boll weight 
S<le<! / boll 
lOCO 5o!t!d ve1tht 












100 boll 100 boll Total Subplot 
seed seed seed boll 
weight number veight numbr.r 
-o.l29 o.on 0.352.** 0.61.2** 
-o.065 0.021 0.448.** 0.620 .. 
0.901• 0.513** 0.356** -o.lll 
o.6s~·· 0.503 .. 0.052 
0.425** 0.201 
0.793* 
• an4 •• 1n41c&te significance at the 5% and 1% levels of probability re•peetively. 
Bolls Seed Total 
per weight seed 
plant per nul'llber 
plllnt 
-0.684** -0.650 .. O.SS9* 
-0.176 -0.203 0.538'* 
0.093 0.423"'* 0.084 
0.177 0.510** 0.280~ 
o.on 0.291* 0.525* 
0.197 0.397** 0.840'* 
0.102 O.OZ4 0.933• 
. 0.865•• 0.106 
0.117 
flax . 1~0 
tedo Tot:4l Seed 1000 Boll Seed ll3rvest Seed 
!r boll per seed wetzht - weisht index yield 
lant weight boll weight per per boll 
lnnt 
~.595** 0.491"* 0.071 -o.674** 0.263* -o.t47 0.153 
~.152 0.530** 0.021 -0.200 -o.1t.o -Q,)tjBU 0.078 -z .. 
~.266* 0.336** 0.512*" 0.469** 0.7ll** 0.469** 0.333*"' ~ 
0.397** 0.447*~~ Q.68Strlr 0.503•• o.76ou 0.57:3 .. 0.471U y 
~.439*"' 0.406** 1.000** 0.277* 0.454** 0.421*"' 0.)14** [ 
o\ ~ ~.322** 0.927U 0.425** 0.301** 0.511** 0.604 .. 0.620 .. t. "@ 
~.152 ·0.893* l .. 0.41- -0.039 0 .260* 0.532 .. i 
~.930** 0.633** 0.091 0.163 0.919U 0.201 0 .381 0.237• k 
0.886** 0.221 0.297* 0,405** 0.929** 0.6)4U 0.605** 0.3~15** ~ d ~ 
0.27S* 0.919** 0.525** -o.l33 0.127 0.081 0.364 .. 0 • (/}')** I(} " 
0.260* o.43911r* 0.116 0.927** 0.339*" 0.4S5*'* 0.3'14** 11 0 0.406** 0.207 0.252* 0.249* 0 ,45 5U O.ljJJ•• z,. 
-o.oss 0.277* 0.454** 0. 421** o.st:.u 1J 
0.419** 0.578"* 0. 372** 0.124 ttl 
0.442 .. * 0.504 ** 0.331** 
0.65 )"* 0.2 96** 
V· 0.597** 
Table 33. Results from path coefficient analysis of seed yield components per 0.108m2 • 
Type of effect 
Effect of total boll weight per unit area on seed yield 
Overall c~tiO'' -
Direct effect 
Indirect effect via plant weight 
Indirect effect via boll number 
Indirect effect via seed number 
Indirect effect via seeds per boll 
Indirect effect via 1000-seed weight 
Indirect effect via seed weight per boll 
v<: -- ~' 













- 0.4523 Direct effect 











boll number • 0.0~37 
seeds per boll -· ~ ~ ~- ------- ~ · · - ~ ~~ -~· -o .1307 
1000-s'eed ·weight • 0.0110 
seed weight per boll • 0.0431 
v/Effect of total boll number per unit area on seed yield 
Overall correlation 
Direct effect 
Indirect effect via plant weight 
Indirect effect via boll weight 
Indirect effect via seed number 
Indirect effect via seeds per boll 
Indirect effect via 1000-seed weight 
Indirect effect via seed weight per boll 












Table 33 (continued) 
Type of Effect 
v/Effect of seed weight per boll on seed yield 
Overall correlation 
Direct effect 
Indirect effect via plant weight 
Indirect effect via boll weight 
Indirect effect via boll number 
Indirect effect via seed number 
Indirect effect via seed weight 
Indirect effect via 1000-seed weight 
~Effect of total plant weight per unit area on seed yield 
Path coefficient 





• . 0.0365 
- -o.1129 
= 0.0479 
Overall correlation · • 0.4482** 
Direct effect • 0.0019 
Indirect effect via boll weight • 0.2304 
Indirect effect via boll number =- 0.0422 
Indirect effect via seed number = 0.2434 
Indirect effect via seeds per bo.ll ~- = -o.0052 
Indirect effect via 1000-seed weight = 0.0103 
Indirect effect via seed weight per boll ~ = -o.0749 
~ffect of seeds per boll on seed yield 
Overall correlation 
Direct effect 
Indirect effect via plant weight 
Indirect effect via boll weight 
Indirect effect via boll number 
Indirect effect via seed number 
Indirect effect via 1000-seed weight 












Table 33 (continued) 
Type of Effect 
v/ Effect of 1000-seed weight on seed yield 
Overall correlation 
Direct effect 
Indirect effect via plant weight 
Indirect effect via 
Indirect effect via 
Indirect effect via 
Indirect effect via 




seeds per boll 




= -o .0002 
= 0.0899 
= -o .0083 
= · -Q.0600 
a 0.0137 
- 0.3081 





and boll weight per area appeared also to have a strong 
direct effect. Seeds per boll and 1000-seed weight had 
negative direct effect·s on seed yield. The indirect effects 
of yield components via 1000-seed weight and seeds per boll 
were very small or nonsignificantly negatively correlated. 
The number of bolls per unit area, though, had a very small 
direct effect while having a high indirect effect via boll 
weight and seed number. Thousand-~eed weight did not 
improve its overall effect on seed yield via any seed yield 
componc.at. The indirect effects of yield components via 
seed number and boll weight were largest in all cases. 
DISCUSSION 
Experiment 1 : Plant Growth Components 
and their Relationship 
106 
Statistically significant differences among cultivars 
were observed for all plant growth components measured except 
total plant dry weight averaged from 68 to 77 DAP (Table 1), 
root weight ra~io for the sampling period 28-47 DAP) Table 2) 
and 58-77 DAP (Table 3). There were statistically significant 
, differences among dates of sampling for all traits except plant 
dry weight averaged from 68 t6 77 DAP, total number of plants 
(Table 1) and bolls per unit area (Table 3). 
The lack fo differences among cultivars for root weight 
ratio could be due in part to the method of sampling which con-
sisted of pulling plants at eachharvest. No attempt was made to 
include the entire root system. Even though flax has a taproot, 
much of the secondary root system would not have been recovered. 
Data on total plant dry weight are presented in Table 
8 and Figure 1. As can be seen in Figure 1, changes in plant 
dry weight follow a sigmoid curve with the most rapid in~rease 
averaging 1.1868 g per day. Minor differences were observed 
between cultivars tested in the study. Lack of differences 
among cultivars in total plant dry weight was observed in mug-
beans (46) but unlike the present study growth rates were 
different. Up to 49 days after sowing, no differences were 
107 
observed. Minor differences were seen from 49 to about 60 
days after sowing. 
Lack of significant differences among dates for bolls 
per unit area suggests that boll number had been established 
by 58 DAP, which was the first date complete data were 
available. Culbert and Linott are usually at 50% bloom by 
50 to 51 DAP whereas Nored is 2 to 3 dys later (40). By 58 
DAP any additional flowering in a cultivar would be minor 
with small incre~s~s in one cultivar being easily offset by 
decreas-?s in another. A decrease in actual number of 
flowers observed could be due to random sampling 
errors or boll drop. 
A sampling x cultivar interaction was observed for 
most traits measured. Significant interactions suggested 
that cultivars did not rank the same from one sampling date 
t another with respect to a specific growth component. 
This would be expected since early and late flowering seed 
plus fiber cultivars were tested. Statistical analysis was 
summarized over all cultivars. 
· Lack of sampling date effect on plant number <rable 
1) was because plants per unit area is a function of seeding 
rate which is determined at time of _planting. Plants per 
subplot can be viewed as an indication of the quality of the 
experiment in terms of stand establishment. 
Statistically significant cultivar x replication 
108 
interactions (Tables 1-3) suggest that cultivars were ranked 
differently in relation to each other by replicates. Minor 
fluctuations in the microenvironment · such as fertility, soil 
moisture or soil and ambient temperature could be respon-
sible for such interactions. However, - none of these pareme-
ters were measured at the test site. Flax has been reported 
to compensate for any differences in stands (~) such that 
the differences- obs'erved in this -study_ have no significant 
-
effect on the interpretation of the results. All cultivars 
I 
were seeded at a r~te of 62.5 viable seeds per 0.108 
m2 exc~pt Nynke which was seeded at 41.3 viable seeds. 
Approximately 43 plants/0.108m2 (Table 7) or about 70% 
emergence was observed. CI 1587 is reported to be _suscep-
tible to wilt (9) which may explain its lower plant density 
at all dates (Table 7). 
Plant height was observed to increase till 58 DAP 
(Table 9), whereas stem dry weight increased throughout the 
sampling period (Appendix VII). This suggests that from 28 · 
to 68 DAP stem development was primarily by elongation 
whereas from 68 to 77 DAP development was mainly due to 
increases in diameter although stem diameter was not 
measured directly. Fiber cultivars had the mos t rapid stem 
development in terms of plant height and dry weight from 38 
to 77 DAP. 
Plant dry weight (Figure 1) and plant height show 
simila r growth patterns (Figure 2). From 28 to 38 DAP the 
109 
rates of increase in both characters are slow. However bet-
ween 38 and 58 DAP plant height and total dry weight show 
the most rapid rate of increase. After 58 DAP total plant 
dry weight continued .to increase till 68 DAP, while overall 
plant height remained relatively constant. It is during the 
period from 58 to 77 DAP that bolls, bracts and sepals were 
developing. These data suggest that height can be an indi-
cator of total .plant dry weight up to the time of panicle 
development. -
Table 34 presents the distribution of plant dry ~ ·~ight 
among the various plant components at each of the sampling 
periods. Total plant dry weight at 28 DAP was due primarily 
to leaves, / with an average of 58% of the total weight, 
~ 
followed by stems with 27%. No differenc~s were observed 
among cultivars for any of the plant component at this date. 
Contribution of leaves to total plant dry weight con-
tinuously declined through the end of the sampling period 
even though total dry weight of leaves increased up to 58 
DAP. Late cultivars showed a relatively slower decline ih 
contribution to total dry weight up to 58 DAP. 
Increase in total leaf weight p~r unit area from 28 
to 58 DAP (Table 34) was mainly due to increase in leaf 
thickness (Table 20) since the leaf number continuously 
dropped (Table 17). The drop in leaf weight from 58 to 77 
DAP was due mainly to a d-ecline in leaf number (Table 17) since 
112 
leaf thickness increased from 58 to 77 DAP (Table 20). This 
pattern of a steady increase in total dry weight of leaves 
Table 34. Dry weight distribution in flax plant for early flowering, late flowering and fiber t J 
South Dakota in 1979. 
Roots Leaves Stems Bracts 
% of total Wt (~) % of total Wt (~) % of total Wt (~) % of total Wt (~) 
28 D~ 
All cultivars 15.3 0.2353 58.2 0.8942 26.5 0.4062 -------~ 
Early flowering 15.8 0.2439 58.5 0.9053 25.7 0.3973 ------
Late flowering 14.3 0.2273 59.1 0.9388 26.6 _0.4232 
....._ __ .__ 
Fiber 14.9 0 •. 2186 56.6 0.8292 . 28.5 0.4181 . -----... 
38 DAP 
All cultivars 17.4 0.6305 48.8 1.7711 33.9 1.2306 ----.---
Early flowering 17.3 0.6099 48.a 1.7247 33.9 1.1965 .....------
Late flowering 17.1 0.6433 51.4 1.9441 31.6 1.1929 -----
Fiber 17.8 0.6778 46.4 1.7635 35.7 1.3577 ------
47 DAP 
All cultivars 9.3 1.0374 35.1 3.5463 53.2 5.9302 5.4 0.6027 
Early flowering 8.7 1.0352 36.8 4.3868 48.6 5.7968 5.9 .o. 7092 
Late flowering 9.1 0.8957 36.7 3.6068 48.9 4.8079 5.4 ·0.5297 
Fiber 9.0 1.1440 . 31.8 4.0346 56.3 7.1386 2.9 0.3643 
--
112 
leaf thickness increased from 58 to 77 DAP (Table 20). This 
pattern of a steady increase in total dry weight of leaves 
110 
cultivars sampled at 6 dates, gr w own at atertown, 
Sepals Bolls 
of total Wt (g) % of total Wt (g) 
-----~ -------- ---------- --------- -----
-------- --------- _,_ ____ --- ----------- -----
--- -----· ---- -----------· ---












leaf thickness increased from 58 to 77 DAP (Table 20). This 
Of a S teady increase in total dry weight of leaves pattern 
Table 34 (continued). 
Roots Leaves Stems Bracts 
% of total ·wt (g) % of total Wt (~) % of total Wt (g) % of total Wt (~ ) 
58 DAP 
All . cuitivars 8.2 2.0108 15.6 3.8226 52.6 12.8636 5.9 1.4552 
Early flowering 8.3 1.9534 14.6 3.4484 48.6 11.4757 6.9 . 1.6301 
Late flower~ng 7.6 1.9591 18.4 4.7704 53.2 13.7605 7.1 1.8488 
Fiber 8.6 2.2071 16.1 4.1431 62.0 16.0076 2.6 0.67 89. 
68 DAP 
All cultivars 6.8 2.5821 6.3 2.3955 45.5 17.2020 4.7 1.7901 
Early flowering 6.5 2.4587 5.1 1.9019 41.8 15.7380 5.4 2.0121 
Late flowering 6.6 2.5127 6.9 2.6304 44.4 16.9325 5.7 2.1826 
Fiber 7.8 2.9730 7.6 2.9189 56.1 21.4304 2.7 0.8873 
77 DAP 
All cultivars 6.0 2.4084 3.5 1.4116 43.4 17·.6207 3.9 1.5741 
Early flowering 5.7 2.2106 2.5 0.9661 39.9 15.3964 4.3 1..6553 
Late flowering 5.8 2.4404 4.4 1.8429 41.8 17.5087 5.1 2.1168 . 
Fiber 6.7 2.9329 5.2 2.2727 54.2 23.8014 2.1 0.9072 
112 
leaf thickness increased . from 58 to 77 DAP (Table 20). This 
pattern of a steady increase in total dry weight of leaves 
SeEals Bolls 
% of total Wt (g) % of total Wt (g) 
---- 17.6 4.3162 
----~ 21.6 5.0142 ----- 13.6 3.5250 ----- 10.7 2.7633 
3.8 1.4544 32.8 12.3950 
4.1 1.5410 37.6 14.1256 
5.9 2.5460 29.7 11.3133 
2.8 1.0508 22.1 84470 
3.6 1.4443 39.6 16.0005 
4.0 1.5396 44.0 17.0000 
3.7 1.5713 39.2 16.4303 
2.5 1.0811 29.4 12.9296 
111 



















































'- of 77 
112 
leaf thickness increased from 58 to 77 DAP (Table 20). This 
pattern of a steady increase -in total dry weight of leaves 
to 58 DAP and then a decrease does not follow the data on 
leaf number presented i'n Table 17. Leaf number declines 
from 28 DAP to the end of the sampling period with the 
exception of 58 DAP. The increc;1se in leaf number at this 
date was because bracts were included with leaves. The 
increase in dry weight of leaves was due to increase in the 
size of the leaves (Tables 10 and 18) and specific leaf 
weight (Table 20) .• After 58 DAP leaf number and size 
droppe~ while specific leaf weight increased to the end of 
the sampling period. 
Stem contribution to total plant dry weight expressed 
as a percent incr~ased up to 58 DAP. Fibers show relatively 
higher percentage at all dates except 58 to 77 DAP. These 
were also the dates at which fibers have the greatest 
height increase over the seed type cultivars. By 47 DAP, 
which was the period of early bloom, stems make up about 50% 
of the total plant weight. From 47 to 7 7 DAP stem dry 
weight included both the main stem of the plant and the 
panicle branches. This probably accounted for the fact that 
maximum plant weight was obtained at 58 DAP (Table 9) while 
st.em weight continued to increase (Appendix VII). The dif-
ference between stem dry weight at 47 DAP and 77 DAP also 
p'rovides a measure of panicle branch development. This 
would indicate that the majority of the stem weight of 77 
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DAP is made up of panicle branches. Inspection of the data 
in Table 34 would suggest that the fibers had greater 
panicle development than the other cultivars. However the 
fibers did not reach · their maximum height until 68 DAP and 
were taller which would acc·ount for the higher total stem 
weight. 
Bracts contribution to total plant dry weight 
slightly increa~ed from 47 to 58 DAP then gradually dropped 
to 77 DAP. For late flowering cultivars the increase is 
quicker and drop is slower • . . Th€ differences among classes of 
cultivars could be due to differing stages of growth for the 
cultivars tested as confirmed by cultivar x date interaction 
(Table 3) • . Bract contribution to total plant dry ·weight was 
less than leaves at 48, 58 and 68 DAP (Table 34). At 77 DAP 
the contribution of leaves and bracts to total plant dry 
weight were very similar. Bracts tended to be smaller than 
leaves at 68 and 77 DAP, dates for which complete bract data 
are available (Table 11). Total area of bracts was also 
less than leaves (Table 19) suggesting that number of bracts 
was approximately the same as leaves. However, bracts had a 
higher specific weight than leaves (Tables 20 and 21) ~spe­
cially at 77 DAP which would compensate for the smaller size 
and result in dry weight similar to that of leaves at 77 DAP. 
Cultivars which produced heavier leaves tended also to pro-
duce heavier bracts. Bract dry weight contribution to total 
plant dry weight of the fibers was consistently less than 
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the other cultivars. This suggests that panicle development. 
in fibers was mainly in panicle branch development. The 
higher contribution of bract dry wight to total dry weight 
of the late cultivars at 77 DAP is probably because bract 
development .and therefore s·enescense is later in late 
flowering cultivars compared to · early flowering cultivars. 
Total boll weight contribution to total plant dry 
weight increased from 58 DAP to 77 DAP (Table 34) for all 
cla$ses. Early cultivars had the highest initial weight at 
58 DAP. Early cultivars had .a t.igher boll weight per unit 
area at 58 DAP although they averaged 11 bolls less per unit 
area than the late cultivars. This is probably because seed 
developmen~ was farther along in the early cultivars (Table 
15). No significant differences between dates for boll 
number was observed (Table 3) though there was an increase in 
boll number to 77 DAP. It is also assumed that seeds/boll 
was fixed by 58 DAP. Any increases in dry weight would 
have to come from seed and sepal development. 
Sepal weight remained almost constant from 68 to 77 
DAP (Table 34). Sepal area went down while speciic weight 
increased accounting for the nearly constant sepal dry 
weight. 
Sepal number,though not measured directly, can be 
calculated if it is assumed that there are 5 sepals/boll. 
At 58 DAP there would have been approximately 1425 sepals 
compared to 1224 leaves (Table 17). By 68 DAP sepal number 
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would still be approximately the same, because there were no 
increases in boll number, while leaf number dropped to 736. 
Yet the total area of leaves at 68 DAP was 5 times that of 
sepals. Leaves are much larger than the sepals. By contrast 
sepals much denser than leaves. Specific weight of sepals 
at 68 DAP is 15.60 mg/cm2 compared to 4.983 mg/cm2 for 
leaves, a 3-fold difference. 
Despite ~iffering dry matter partitioning (Figure 1) 
cultivars did not differ in overall dry matter produced at 
any date except 58 DAP (Table 8~. The difference at 58 DAP 
in total plant dry weight could be due to wider differences 
in boll weights and stem weights (Table 34). 
There was an overall reduction in leaf n~mber 
throughout the sampling period except for 58 DAP (Table 17). 
Early flowering cultivars started with the highest number of 
leaves and ended with the lowest number of leaves at 77 DAP. 
The late cultivars lost the fewest number of leaves with the 
fiber cultivars intermediate. There is probably no impor-
tant difference between early and late cultivars in terms of 
leaf loss except that the later flowering cultivars began at 
a later date, but not necessarily at a later point in their 
life cycle. Bazzaz and Harper (3) ~orking with flax suggsted 
that leaves died as a consequence of assimilates being 
diverted to developing bolls. However, these data do not 
support their conclusion because leaf drop was linear 
throughout the sampling period except for 58 DAP. However 
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it could be argued from these data that assimilates are being 
shifted from leaves to developing panicles which would 
include bracts, sepals, bolls and their seed. Also the 
period from 47-58 DA.P, which corresponds to the flowering 
period seem to be a time for leaf production rather than 
senescence. 
The period from 47 to 58 DAP is unique in terms of 
leaf numbers possibly due to inclusion of bracts with 
leaves. Leaf numbers dropped from the previous sampling 
dates except 58 DAP. Temperature and moisture data in 
appendix Table 1 indicate that th~s period was relatively 
dry -and hot which could have encouraged the loss of lower 
leaves. In some cultivars there was a steady decrease in 
leaf number such as Culbert, Grant, CI 1666, CI 1587 and 
Reina. There was an increase in leaf number for CI 1666 for 
the previous sampling period. CI 1666 is the earliest 
cultivar in this study; therefore the increase in leaf 
number would correspond to the following period, which 
is a similar response as Linott. The largest increase 
in leaf number occurred in the late cultivars. There were 
corresponding increases in leaf area (Table 18), leaf _area 
index (Table 22), leaf size (Table 1_0) and a reduction in 
specific leaf weight (Table 20). This is also · the period 
with the highest mean relative growth rate (Table 24). 
Mean relative growth rate is a measure of the plants 
ability to produce additional dry matter. Mean unit leaf 
rate is the daily increse in plant dry weight per cm2 of 
117 
leaf area. Data on these growth parameters presented in 
Tables 24, 26 and Apendix Table IX suggest that there were no 
differences between cultivars during any sampling period for 
these growth characteristics. The interval with the highest 
mean relative growth rate was from 39 DAP to 47 DAP which is 
also the period in which the greatest percentage increase in 
plant dry weight occured (Table 8). The fiber cultivars 
tended to have ~igher growth rates than seed cultivars during 
the first two sampling intervals. Mean relative growth rate 
of the ~)anicle (Table 26) which was much higher -than that of 
the en.tire plant during the same sampling intervals. Bract 
and sepal area decreased during this interval (Table 19) 
while total dry weight remained relatively unchanged. Boll 
number did not inctease during this period (Table 15). 
These data suggest that boll development accounts for the 
major increase in dry weight during the time interval from 
58 to 68 DAP. 
Mean unit leaf rate was calculated on the basis of 
leaf area only. However, bracts and sepals, when present 
plus stems also have photosynthetic capabilities. Sampling 
dates 53 and 64 DAP are probably overestimates of the true 
mean unit leaf rate because only leaves were used in the 
calculation. Earlier dates are also overestimated somewhat 
because stem area is not included. Even so, the period of 
highest unit leaf rate corresponds to the period of most 
active boll development. 
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Desmuth et al. (13) and Tomar et al. (62) working 
with flax pointed out that in later stages of growth, sepals 
and fruits are the important dry matter producing plant 
organs. An 88% reduction in seed yield was observed upon 
removal of the sepals (13). · In this study it appeared the 
bracts and sepals are equally important to increase in dry 
weight from 68 to 77 DAP but still not as important as 
leaves. In other words total dry matter production seems to 
be a function of . t .otal leaf area rather than specific plant 
organs. However, · this is the. period of small _increases in 
total dry matter (Table 8) so this conclusion may be 
somewhat misleading. An estimate of the contribution to 
total plant dry weight of bracts and sepals at an ·earlier 
date is not possibLe from these data. 
Leaf area index (LAI) and total leaf area of leaves 
(Tables 18, 22) stay relatively constant through the first 
two sampling periods than increases t .o 58 DAP followed by a 
steady decrease to the end of the sampling period. At 68 
DAP sepals and bracts make up about 46 % of the total 
foliage while at 77 DAP they are responsible for 56% of the 
total foliage due primarily to a drop in leaf area. The 
late flowering cultivars tended to have higher total leaf 
area and LAI throughout the study. The LAI values are 
somewhat lower than those previously reported for flax (16, 
39). This is due to the relatively low seeding rate, and 
below average rainfall resulting in smaller leaves. 
• 
Figure 11.. Changes in mean unit leaf rate with leaf area ratio for flax cultivars ~ 
grown at Watertown, Sou~h Dakota in 1979. · 
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Leaf area ratio (LAR) is the ratio of total leaf area 
to total plant weight and represents a good measure of 
leafiness (18, 30, 51). LAR relates photosynthetic plant 
parts to respiring material within the plant (18). Unit 
leaf rate and leaf area ratio are components of relative 
growth rate such that R =Ex LAR (18, 30, 51). A cultivar 
with higher LAR would be expected to be more efficient in 
dry matter prod~ction per unit dry matter present. 
Late flowering seed cultivars plus Koto and Grant had 
higher LAR at 47 DAP than the other cultivars. The peri~ds 
with the highest LAR's (28 an 38 DAP) were also the periods 
in which no significant difference occurred among 
cultivars (Table 23). 
A negative relationship between LAR and ULR has been 
suggested. Khan and Tsunoda (22) working with wheat 
reported that LAR was negatively related with ULR (r = 
-0.887). This does seem to be the case in this study 
with flax (Figure 11). LAR was highest at 28 DAP and 
declined steadily to 77 DAP whereas unit leaf rate was 
lowest at 28 and 77 DAP and highest at 64 DAP. 
Experiment II: Seed Yield and its Components 
Significant differences between cultivars for seed 
yield were observed in this study (Table 30). Nored, a late 
flowering cultivar, had the highest seed yield at 1412 kg 
per ha followed by CI 2538, an early flowering cultivar, 
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which yielded 1362 kg per ha. In previous studies Linot t 
has been classified as a high yielding early flowering 
cultivar whereas Grant is a low yielding early cultivar 
(17). I n this study _Linott is again high yielding in 
l d and that it r anks third. Grant- ranks twelfth in seed yie 
significantly lower than Linott. Linott and Grant have 
( 
. f 
similar t otal plant weights at 96 DAP and same number 0 v 
bolls per unit · area. Grant has lar er seeds than Linott· 
. seems 
The seed yield difference between these two cult1vars 
to be dt,e to more . seeds per boll resulting in a larger 
number of seed per unit area . Linott has a higher seed 
than Grant which also reflects the larger weight per boll 
. these 
number of seeds per boll. In previous studies compar1ng 
were 
two cult ivars (17, 20, 39) the seed yield differences -
due either to bolls per unit area or seeds per boll 
tended 
Fiber cultivars depending on the date of planting. 
and 
to have f ewer bolls per unit area, containing fewer 
11 d h h The O
verall 
sma er see s t an t e seed type cultivars. 
seed 
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w ich is t he ratio of seed weight to total plant 
of seed 
was correlated with seed yield. The correlation 
also 
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yield with total plant weight was not significant. 
Bolls per unit area has been reported as being corre-
lated with seed yield (17, 39). However, Dybing (17) found 
no correlation between bolls per unit a~ea and seed yield 
---- -----
from 36 genotypes of flax (r = -0.01-3). Seed size had 
·negative correlation with seed yield for early planted 
cultivars (r = -0.270*). Plant population had no important 
effect on yield (r' = 0.17) in early planted cultivars (17). 
· Lay et al. (38). found seeds per unit area (r = 0. 77) bolls 
per uni~ area (r ~ 0.68) and total plant dry weight (r = · 
0.67) ~o be correlated with seed yield for early planted 
cultivars. ·Boll size and seed size were not correlated with 
seed yield. / 
Multiple regression analysis of seven seed yield com-
ponents, total plant weight, boll weight per area, number of 
bolls per area, seed number per area, seeds per boll, 
1000-seed weight, and seed weight per boll explained 98% of 
the variation in seed yield observed in this study (Appendix 
Table XI). In previous studies with flax (2, 17, 39) the 
yield comonents; bolls per unit area, seeds per boll and 
seeds per unit area, were important in determining seed 
yield giving a coefficient of determination (R2) of about 
0.87 (2). 
The relationship of seed yield to various other plant 
components and can be studied using path coefficients and 
multiple regression. Data in Table 33 show that in this 
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study, the largest overall path coefficient of 0.9273 was 
obtained with boll weight per unit area. Next was seed 
number per unit area which had the highest direct effect 
0.4523 and an overall path coefficient of 0.8398. Though 
significant, the contribution due to plant weight, seeds per 
boll and 1000-seed weight were not important factors in 
determining seed yield. Albrechtsen (2)., working with flax 
cultivars different from those in this study, found that 
seed weight per unit area had a large positive direct effect 
on seed yield of ·1. 610 along with bolls per unit area witi"l 
1.594. Direct effect of seeds per boll on seed yield was 
also high. Plant density was reported to have a small nega-
tive direct effect on seed yield but considerab~ indirect 
effects via bolls per unit area and seed weight per unit 
area (2). 
Relationships Between Plant Growth Parameters 
and Seed Yield 
Seed yield is an indicator of plan t response to an 
environment. Variations in the seed yield for plants grown 
in the same environment can be attributed to genetic fac-
t ors controlling development of morphological structu·res and 
physiological processes (47). 
In the present study, statistically significant dif-
ferences in seed yield were observed among cultivars. 
Cultivars which were high or low yielding in previous stu-
dies (17, 39) generally ranked the same in this study. 
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Differences among flax cultivars in total seed yield 
were most often reported to be due to bol~s per unit area (2, 
17, 20, 39). Albrechtsen using path coefficients (2) found 
that seed weight per boll had the highest direct ·effect on 
seed yield while in present study it was bolls per unit 
area. 
In previou·s studies with flax, Bazzaz and Harper (3) 
found that seed per plant was s·trongly related to leaf 
number but not fo LAI. Duarte and Adams (15) found that in 
soybean~ number of pods produced was strongly correlated to 
total .number of leaves produced. 
Comparing of Linott and Grant, a comparison made in 
previous studies (39), indicate there were differences with 
respect to number of leaves (18). Linott had more leaves at 
! 
28 and . 58 DAP whereas Grant had a higher number at 38 and 47 
DAP. At 68 and 77 DAP the number of leaves were similar. 
This same relationship was observed for total foliage area 
(Table 18). Grant had a larger bract area at 68 DAP while 
the sepal area of Linott was larger on t h e same date (Table 
19) • . At 77 DAP the bract and sepal area of the cultivars 
was the same. Comparison between CI 2395 and Summit for 
leaf number indicated that Summit had a larger number of 
leaves at 38 DAP and 47 DAP. CI 2395 had a larger 
~ number at 68 DAP and they had the same number of leaves at 
all other dates of sampling (Table 17). CI 2395 had more 
total foliage area at all dates except 38 and 47 
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OAP. At these dates there was no foliage difference between 
the cultivar. · Summit and CI 2395 had the same bract area at 
68 DAP while CI 2395 had a higher bract area of 77 DAP. CI 
2395 had a higher sepal area at both 68 and 77 DAP. Summit 
was higher in seed yield than CI 2395 (Table 30). For late 
the cultivars, Nored and CI 893, CI 893 had more leaves at 
28, 38 and 47 DAP., the same .number of leaves at 58 DAP and 
fewer leaves at 68 and 77 DAP than Nored (Table 17). Nored 
had _more total foliage area at 28, 38, 68 and 77 DAP, the 
same area at 47 DAP and less total foliage area at 58 DAP 
than CI 893 (Table 18). Nored was statistically higher in 
seed yield than CI 893 (Table 30). Also, Culbert a high 
yielding cultivar, was below the nursery mean for leaf number 
except at 38 DAP, total foliage area at ·all dates of 
sampling, bract area at 68 DAP and sepal area at both dates. 
These observations suggest that high seed yield of these 
cultivars is not related to leaf number or total foliage area. 
This agrees with previous studies \-lith these same cultivar-s 
(38, 17). 
Searbrook and Doss (54) found that in corn total leaf 
area above 60 em from ground was more highly correlated with 
grain yield ~ = 0. 74) than leaf area below 60 em (r = 0. 60). 
This implies that bract and sepals would be important · in 
determining seed yield because of their close proximity to 
the seed. Desmuth et al. (13) and Tomar et al. (63) found 
that removal of sepals from flax bolls could reduce seed 
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yield by 88%. In the present study, Grant had a statisti-
; 
cally higher bract area at 68 DAP and a numerically higher 
bract area at 77 DAP than Linott. At 47, 68 and 77 DAP 
Linott and Grant haq the same bract dry weight whereas at 58 
DAP bract dry weight of Linott was greater than Grant. 
Bract dry weight of Summit was ·higher · than CI 2395 only at 
47 DAP. Nored was equal to CI 893 in bract dry weight at 47 
DAP and less than all other dates. These data suggest that 
bracts were not responsible for the seed yield differences 
of these cultivars. Nor does it appear that bracts had · 
.any influence on seed size. Data in Table 3 show that the 
high yielding cultivars had the larger seeds. However 
sepals may _have had an influence on seed size. Linott and 
Nored had larger sepal areas than Grant and CI 893 and 
they also had higher 1000-seed weight. This relationshhip 
does not hold for Summit and CI 2395. 
Culbert ·was a unique cultivar with respesct to the 
plant growth traits and their possible relationship to seed 
yield. It was among the lowest cultivars for many of 
foliage parameters when averaged across dates of sampling, 
but had the highest SLA and harvest index. However, it pro-
-------------. . 
duced relatively large number of bolls (Table 15) and had a 
high seed yield (Table 30). 
Fiber cultivars which yielded less than the seed 
cultivars had relatively larger number of leaves (Table 17) 




leaf area (Table 18) but less total foliage area at 68 and 77 
DAP (Table 19) because of fewer bracts and sepals (Table 19). 
However, they had relatively high~r SLA (Table 20) SBA and 
SSA (Table 21). They also produced the least number of 
bolls · per unit area. 
Boll weight, seed weight per boll, seed 
most important components of seed yield in 
(.._ 
ltimately, vari~tion in seed yield of flax is 
number were\ 
this study. ) 
dependent on 
physioiogical process~s and their magnitudes as they 
affected seed production. However, it was not possible to 
identify a plant growth component.consistenly associated 
with high seed yield in these flax cultivars. Additional 
studies which would identify those periods in th_e plant life 
cycle when differentiation of bolls, and seeds per boll 
would allow a more careful analysis of plant growth during 
those critical periods. Additional studies on intensity and 
duration of flowering would also be useful to explaining the 
differences in seed yield of flax. 
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APPENDIX I. Precipitation and daily temperature from May 1 
to August 31 J 1979 for Watertown, South Dakota. 
Day after Calendar Precipitation 
TemEerature 
Daily (Oc) 
Elanting date · ~mm~ High mean Low 
May 1 0.5 6" 4 "1 
2 1 1 5 -1 
3 
T1) 
12 5 -2 
4 1 1 6 1 
5 12 8 4 
6 1. 5 15 9 3 
7 3.8 19 13 7 
8 T 1 1 8 4 
9 6.9 4 3 1 
10 1 • 3 4 3 1 
1 1 10 6 1 
12 .2.C 17 9 1 
1.3 T 17 1 1 4 
14 3.3 18 11 4 
15 22 12 1 
16 26 18 10 
1 17 T 25 18 10 
2 18 17 12 6 
3 19 22 14 5 
4 20 1 • 8 15 9 3 
5 21 17 9 1 
6 22 2.5 18 24 6 
7 23 19 10 1 
8 24 22 13 4 
9 25 - 23 16 8 
10 26 2.3 25 17 9 
1 1 27 24 16 7 
12 28 31 22 12 
13 29 8.1 23 20 16 
14 30 4.9 16 12 8 
15 31 17 12 6 
16 June 1 0.5 19 14 8 
17 2 T 24 15 6 
18 3 T 24 15 6 
19 4 0.8 23 16 9 
20 5 26 17 16 
21 6 26 22 16 
22 7 24 19 13 
23 8 20 15 9 
24 9 2.2 13 12 10 
25 10 24 17 9 
·26 11 28 19 10 
27 12 1.0 26 19 12 
T1) - Indicates a trace of precipitation 0.30 mm. 
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APPENDIX I (Continued). 
Day after Calendar Precipitation 
TemEerature 
Daily (Oc) 
Elanting date ~mm2 High mean Low 
28 13 30 22 14 
29 14 5.6 38 29 19 
30 15 8.4 26 21 16 
31 16 23.3 20 15 1 1 
32 17 18 13 8 
33 18 0.3 19 14 9 
34 19 26.9 27 21 14 
35 20 18.8 21 17 13 
36 21 26 20 14 
37 . 2.2 T 17 14 1 1 
38 23 T 17 15 12 
39 24 24 18 12 
40 25 26 21 "15 
41 26 27 22 16 
42 27 24 19 13 
43 28 19.1 28 22 16 
44 29 29 22 15 
45 30 31 24 16 
46 July 1 T 29 24 19 
47 2 30 25 19 
48 3 31 25 18 
49 4 25 20 14 
50 5 T 24 20 15 
51 6 2 19 15 
52 7 21 18 15 
53 8 29 24 18 
54 9 T 29 23 17 
55 10 T 32 26 19 
56 1 1 32 25 18' 
57 12 6.4 28 23 18 
58 13 4.1 27 23 18 
59 . 14 28 22 16 
60 15 25 20 14 
61 16 21 16 10 
62 17 24 17 9 
63 18 28 20 . 12 
74 19 29 22 15 
. 75 30 32 20 17 
76 31 23 18 13 
77 . August 1 26 18 10 
78 2 31 24 17 
" 19 3 1.8 26 21 16 
80 4 33.0 27 22 16 
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APPENDIX I (Continued). · 
Tem:eerature 
Day after Calendar Precipitation Daily (De) 
12lanting date ~mm~ High mean Low 
81 5 27 22 17 
82 6 35 . 28 21 
83 7 28 24 19 
84 8 7.4 25 21 17 
85 9 31. 8 . 28 23 17 
86 10 23 18 13 
87 . 11 23 16 9 
88 12· 0.8 . 25 21 16 
89 13 22 16 9 
90 14 r 16 1 1 6 
91 15 T 17 12 7 
92 16 0.8 17 15 12 
93 17 28 22 16 
94 18 28 21 14 
95 19 4.8 22 . 21 19 
96 20 T 20 19 17 
97 21 T 25 21 16 
98 22 . 6. 1 25 21 16 
99 23 19 - 15 10 
100 24 24 16 7 
101 25 27 18 9 
102 26 24 18 12 
103 27 23.1 25 17 9 
104 28 . 10.2 26 21 16 
105 29 29 22 14 
106 30 31 24 16 
107 31 32 27 21 
1979 Total: 279.2 Average: 18.4 
1941-70 Total: 322.1 Average: 18.0 
APPENDIX II. Summary of seed yield, disease and 
flax cultivars grown at Watertown, South Dakota 
Characteristics 
Yield Plant 
Cultivar Potential1) Flowering2) Height3) 
Nored H L I 
CI 2538 H E · I 
Linott v--- H E ! .,...... 
Culbert H E s 
CI 893 L L I 
Summit '--- H· E '-/ s _.-
Koto M E I 
Bolley H E I 
CI 1879 M L I 
CI 2395 v L E - S / 
CI 1593 L E s 
Grant 1..- L E v- S / 
CI 1666 M E s 
CI 1587 M E s 
Natasja L L T 
Hera L L T 
Reina L L T 
Nynke L L T 
l)Yield potential: H - high; L - low; M - medium. 
2)Flowering: L - late; E - early. 
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3)Plant height: T- tall; I - intermediate; S- short. 
4)Disease reaction: Susceptible to R - rust; P - pasmo; W - wilt. 
APPENDIX III. Average rust prevalence and severity on 18 
flax cultivars grown at Watertown, South Dakota in 1979. 
139 
Prevalence (%) Severity ~%) 
Seed tyEe 
Nored s.o . 4.3 
CI 2538 1.5 1. 5 
Linott 0.3 2.5 
Culbert 1. 3 0.3 
CI 893 0 0 
Summit 16.8 16.3 
Koto 48.8 42.5 
Bolley 5.5 2.8 
CI 1879 29.0 7.0 
CI 2395 11.3 9.3 
CI 1593 5.0 6.0 
Grant 21. 3. 7.5 
CI 1666 0 0 
CI . 1587 43.8 16.3 
Fiber tyEe 
Natajsa 0 o . 
Hera 0 0 
Reina 0 0 
Nynke 68.8 22.5 
Mean: 13.8 7.7 
APPENDIX IV. Results from analysis of variance for rust 
prevalence and severity on 18 flax cultivars grown at 
Watertown, South Dakota in 1979. 
Source of Degree of 
140 
variation freedom Prevalence Severity 
Cultivars 17 28412.00** 8142.63** 
Replications 3 1160.78 1142.04 
Error 15 11619.22 3306.21 
c.v. (%) . 12.8 13.4 
**Indicates significance at 1% level of probability. 
141 
APPENDIX V. Bract dry weight from 18 flax cultivars sampled 
at 4 dates and grown at Watertown, South Dakota in 1979. 
Days after Cultivar 
Elanting 47 58 68 77 X 
CI 2538 0.6117 0.6567 2.2922 2.0626 1.6558 
Linott 0.6566 1. 526'7 1.7486 1.2955 1.3068 
Culbert 0.6338 1 • 2696 1.8129 1. 6671 1. 3459 
Summit 1. 0999 2.0508 ' 2.4638 1.8159 1.8576 
Koto 0.5209 1.7849 1.9673 1 . 253 7 1.3817 
Bolley 0.5158 1.6736 1.3762 1 • 1 689 1.1 836 
Cl 2395 0.9259 2.4481 2.7490 2.7233 2.2116 
CI 1543 0.6692 1 .4442 ' 2.·2389 2.0594 1.6029 
Grant - 0.6141 1.3509 1.6652 1 • 383 7 1 • 1 620 
CI 1666 0.6565 1.2670 0.9649 0.7448 0.8551 
CI 1587 o. 89'7.1 1. 4590 2.8530 2.0335 1.8109 
Nored 0.3710 1. 4033 1 • 2881 1.7586 1.3552 
CI 893 0.4110 2.1119 2.3442 2.2452 1.7793 
CI 1879 0.8071 2.0314 2.3104 2.3467 1.8740 
Natasja 0.7154 . o. 7734 1.2078 1 • 0953 0.9480 
Hera 0.3771 0.6785 0.8544 0.8767 .o. 6972 
Reina 0.2745 0.6033 0.9050 0.8319 " 0.6537 
Nynke 0.0901 0.6602 0.5819 0.8230 0.5388 
Mean 0.60267 1. 4552 1 • 7901 1.5741 1 • 3456 
sd 0.0422 0.0726 0.0685 0.0891 c.v. 42.1 30.0 23.0 33.46 
Probability of F 
for cultivars 0.01 0.01 0.01 0.01 
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APPENDIX VI. Seed size and laboratory seed germination per-
centage for 18 flax cultivars tested at Watertown, South 
Dakota in 1979. 
1000· viable 
Cultivar % Germination . Seed weight 
CI 2538 as · 6.367 
Linott 91 5. 986 v 
Culbert 84 6.746 
Summit 74 7.662 ..-
Koto 90 5.336 
Bolley 95 5.962 
CI 2395 87 7. 223 !./" 
CI 1593 86 7.428 
Grant 91 5. 925 v 
CI 1666 95 6.200 
CI 1587 88 6.374 
Nored 88 6.678 
CI 893 84 6.217 
CI 1879 74 7.535 
Natasja 92 5.-008 
Hera 90 . 5. 651 
Reina 90 4.829 
Nynke 87 5.270 
Average: 87.4 6.224 
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APPENDIX VII. Dry weights of stems of 18 cultivars sampled at 6 
dates, grown at Watertown, South Dakota in 1979. 
Days after (g) 
~lantin8 28 38 47 58 68 77 
CI 2538 0.3822 1.2648 5.3495 12.0842 15.5690 17.7256 
Linott 0.4012 0.7744 . 6.0036 13.3632 17.2834 14.8029 v 
Culbert 0.4037 1.4752 6.0190 8.0591 15.1341 13.2937 
Summit 0.3176 1.0773 6.3051 13.0301 17.6126 15.3802 / 
Koto 0.5144 1.0822 6.0039 14.7066 19.6689 18.5875 
Bolley 0.3764 1.4470 5.5136 13.6332 13.9001 13.8714 
CI 2395 .0.3906 1.0432 6.1416 13.2725 18.1649 18.1505 / 
CI 1593 0.3520 1.4961 4.3223 8.8021 15.6570 16.0315 
Grant 0.~5281 1.4184 5.7055 12.2930 13.8241 16.2210 '-
CI 1666 0.3758 1.1036 7.4400 10.0360 10.9520 i1.4892 
CI 1587 0.3287 0.9798 4.9614 6.7528 15.3517 13.8785 
Nored 0.4612 1.3156 5.0253 13.4888 17.9315 18.3459 
C·l 893 0.3719 0.9248 4.5535 12.7591 15.4943 ·15.1894 
CI 1879 0.4906 1.3383 4.8448 15.0337 17.3716 18.9913 
Natasja 0.4570 1.4070 6.5741 16.9739 25.3378 24.4888 
Hera 0.5975 1.8529 9.6819 16.8060 20.5433 - 24.8625 
Reina 0.3881 1.3002 6.6387 12.2450 21.9753 22.1357 
Nynke 0.2297 0.8706 5.6598 18.0053 17.8451 23.7185 
Mean 0.4062 1.2306 5.9302 12.8636 17.2020 17.6207 
sd 0.0271 0.0773 0.3310 0.5106 0.6162 0.8031 
c.v. 40.0 37.7 33.5 23.8 21.5 27.3 
Probability of F 
for cultivars 0.32 ·o.o2 0.87 0.41 0.42 0.45 
APPENDIX VIII. Tots.l foli.age weight of 18 cultivart ~s.mpled at 6 
dates. grown at Watertown. ~outh Dakota .in 1979. 
. 
Days after g Cultivar 
planting ------~~--~-~~----~~-~a_ ______ 4z1>_. 5~1) 681) 771) x 
CI 2538 0.8950 1.9609 3.9378 5.1838 5.5751 5.3169 4.2415 
Linott 1.1094 1.4667 4.6028· 6.0516 5.4532 3.6361 4.0541 
Culbert 0.8383 1.8730 3.0627 3.1487 4.9591 3~9250 3.1437 
Summit 0.8172 1.8336 4.2983 5.4944 5.4630 ' 4.3095 4.0839 
Koto 1.0731 1.3048 4.6413 6.4971 6.8510 3.8587 4.6090 
llolley 0.8555 1.9910 3.1787 5.3462 4.2462 3.3026 3.3~88 
CI 2395 0.9778 1.5994 4.3721 6.3734 7.191~ 5.4362 4.9455 
CI 1593 0.8088 2.1890 3.1563 4.1458 5.3959 4.7676 3.5862 
Grant 0.8255 1.7942 4.9686 5.3184 4.2664 3.6235 3.8192 
CI 166 1.0175 1.7629 4.6566 4.6757 3~6849 3.1417 3.1634 
CI 1587 0.7399 1.2152 3.8111 3.5390 6.9155 4.3422 3·.9150 
'---.. 
Nored 0.9846 2.4685 3.9.694 5.8503 . 7.5925 5.6368 . 4.82-54. 
· CI 893 0.8259 1.7541 3.7318 7.0628 6.2153 4.6810 4.7644 
CI 1879 1.0046 1.6083 4.6951 6.9979 8.2690 6.2746 5.7258 
ttatajsa 0.9811 2.1581 5.8682 5.9507 6.2723 4.9468 · 5.1108 
Hera 1.1214 2.1731 4.6997 · 4.9319 3.8128 3.9113 3.9901 
Reina · 0.7037 1.4744 3.4403 . 3.1493 4.8810 3.9414 3.3044 
Nynke 0.5151 1.2484 3.5867 5.258 4.4206 4.2454 3.9605 
Overall mean 0. 8939 1. 7709 4. 1487 5. 2 794 5. 6395 4. 4300 . 4. 1446 
sd o.0448 o.o929 0.1646 o~ ·1~39 0.1746 o.1929 
c. v. ('7.) 30. 1 31 • 5 23. 8 22. 0 18. 6 . 2l~. 0 
Probability of F 
for cultivars 0.20 0.20 0.020 0.01 0.01 0.01 
..... 
~ 
l)scem weight at this date ihcludes weight of panicle branches. ~ 
\.. 
APPENDIX· IX.:. lteaulta from atatietieal analysis of mean relative growth rate (R) and mean unit leaf 
unit rate (E) for 18 flax cultivars sampled at 6 dates grown at Watertown, South Dakota in 1979. 
Time interval in g g-1~-1----~-------=~---
days after planting 33 _.. 43 53 64 74 
(95%}J.-) (95%J--~- (95%) (95%) . {95%) 
CI 2538 0.106+0.071 0.102+0.052 0.077+0.034 0.039+0.031 0.034+0.043 
Linott 0.037+0.073 0.156+0.066 0.075+0.022 . 0.037+0.018 -0.025+0.053 
Culbert 0.116+0.078 0.093+0.043 0.042+0.069 , I 0.074+0.063 -0.001+0.059 
Summit 0.105+0.052 0.122+0.045 0.074+0.025 0.937+0.024 -0.001+0.063 
Koto 0.052+1.165 0 .180+0 .1'•5 0.082+0.017 0.043+0.012 -0·.005+0 .058 
Bolley 0.114+0.044 0.083+0.047 0.095+0.031 0.016+0.027 ~0.002+0.097 
CI 2395 0.076+0.059 0.131+0.039 0.076+0.'019 0.044+0.012 0.004+0.059 
CI 1593 0.133"+0.063 0.067+0.031 0.068+0.065 0.072+0.049 0.011+0.019 
Grant 0.097+0.039 0.112+0.033 0.065+0.035 0.027+0.025 0.023+0.058 
Cl 1666 0.086+0.035 0.134+0.019 0.051+0.018 0.024+0.032 0.006+0.076 
CI 1587 0.073+"0.070 0.137+0.067 0.035+0.041 0.085+0.033 -0.010+"0.040 .. 
Nored 0.113+0.044 0.074+0.045 0.088+0.044 \ 0.054+0.030 0.009+0.029 
CI 893 0.098+0.044 0.097+0.059 0.097+0.054 0.034+0.032 -0.018+0.086 
CI 1879 0.082+0.036 0.108+0.020 0.086+0.030 0.042+0.033 0.013+0.041 - - - - -
Natasja 0.106+0.033 0.105+0.054 0.071+0.053 0.052+0.035 -0.002+0.054 
Hera 0.095+0.065 0.177+0.063 0.053+0.041 0.032+0.035 0.023+0.040 
Reina 0.124+0.202 0.142'+0.129 0.058+0.053 0.070+0.036 0.002+0.053 
Nynke 0.106+0.100 0.155+0.085 0.091+0.037 0.019+0.032 0.033+"0.044 -
~ 
Date mean 0.099 0.114 0.075 0.042 0.005 





APPENDIX IX. (Continued) 
Time interval in 



















Mean for interval 
..) 
xto-s gm cm-2 day-1 
33 43 ,5) • 64 
(95%) (95%) (95%) (95%) 
0.721+0.472 1.044+0.578 1.340+0.780 2.247+1.907 
0.235+0.336 1.786+0.632 1.333+0.354 1.974+1.049 
0.919+0.584 1.943+1.028 1.533+1.783 . s ·.518+4 .o8l 
0.724+0.312 1.685+0.638 1 • 6 7 0+0 • 6 9 9 '. 2 • 419+ 1 • 6 9 0 
0.159+0.667 1.905+1.010 1.316+0.296 1.578+0.465 
0.81Z:t0.302 1.123+0.619 2.185+0.8}9 0.924+1.988 
0.506+0.395 1.595+0.567 1. 4 0 7 +0 •. 4 6 6 . 1 • 7 9 3+0 • 3 9 6 
0.958+0.420 0.870+0.435 1.469+1.107 3.507+2.199 
0.781+"0.398 1.255+0.360 1.114+0.693 1.224+1.011 
0.593+0.232 1.898+0.352 0.895+0.360 1.555+"1.812 
o.soo+o.3o6 1.769+0.847 0.550+0.763 4.083+1.847 - - - -
0.717+0.255 0.602+0.199 1.531+0.972 1.844+1.023 
0.650"+0.269 1.047+0.838 1.543+0.977 1.206+1.137 
0.598tQ.313 1.173+0.292 1.363+0.420 1.036+1.011 
0.808+0.246 1.368+0.911 1.184+0.805 2.073+1.340 
0.681+0.447 1.863+0.907 1.384+0.946 3.404+2.234 
0 .732~----1> · 1.962+1.224 1.665+1.177 0.715+1.616 
0.681+0.962 1.863+0.103 1.384+0.727 3.404+1.158 - -
0.681 1.402 1.384 2.004 



























APPENDIX x. Re9ults ·from statistical analysis of mean relative ·growth rate of the 
panicle for 18 flax cultivars sampled at 3 dates, grown at Watertown, South Dakota 
in 1979. 
Ti me in tervar- fn ---~--- ---- -~- -- -g-.-rg_•.roay- 1 -_~_~_--_-'="-.,..----·-~---------
days after planting 64 ... 74 
CI 2538 0.090+0.030 0.047+0.041 
Linott 0.084+0.022 -0.01l~+0.054 
Culbert 0.111+0.077 0.160+0.060 
Summit 0..080+0.023 0 .• 048+0.060 
Koto 0.102+0.010 . 0 .• 010+0.034 
Bolley 0. 068+0. 04-0 0.011 +0.090 
CI 2395 0.086+0.023 .0.018+0.032 
CI 1593 0.097+0.052 0.023+0.019 
Grant 0.076+0.031 ·0.032+0.060 
CI 1666 0.056+0.031 0.018+0.076 
CI 1587 0.123+0.036 0. 038+0. 043. 
Nored · 0.120+0.035 . 0 • 0 2 7 +0 • 0 2 9 . 
CI 893 0.098+0.049 0.015+0.091 
CI 1879 0.119+0.024 0.033+0.037 
Natasja 0.157+0.045 0.019+0.047 
Hera 0.10'8+0.032 0.030+0.040 
Reina 0.131+0.029 0.001+0.046 
Nynke 0.127+0.042 0 • 0 56 +0 • 0 lt 6 














2 Boll weight/0.108m 
Boll nlmber/0.108m2 
Seed number/0.108m2 
Seeds . per boll 
1000 seed weight 















R-square = 0.98 
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